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ABSTRACT 
"Differential Exposure of the Urban Population to Vehicular 
Air Pollution in Hong Kong" 
Submitted by FAN Xiaopeng 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in June 2011 
Certain population groups in society may be exposure to disproportionate environmental 
hazards, due to the biases in environmental policymaking and discriminatory market 
forces. Hong Kong offers a good opportunity to ascertain whether environmental 
inequality exists or not, and if there is any difference between inequality in Hong Kong 
and that of previous studies. As one of the pioneering work, this study provides a good 
case for investigating the underlying factors and mechanisms which contribute to such 
phenomenon of environmental inequality. 
Considering air pollution is a severe problem in Hong Kong, this study aims to assess, 
by dispersion modeling, the exposure of the urban population of Hong Kong to air 
pollution from vehicular sources. It provides data to show whether there is significant 
spatial variations in the exposure of the urban population to air pollution; and if there is, 
whether the differential exposure to air pollution is social-biased. The unique housing 
provision mechanism, in which about half of the populations are accommodated in 
public housing estates provided by the government, provides an interesting case for in-
depth study. z 
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To estimate the exposure of the urban population to air pollution, the IMMIS"®^ air 
dispersion model developed for city-wide air quality assessment was used. The 
concentrations of CO，NOx, SO2 and PMio have been estimated for various assessment 
points, in 3-D format on building facades, for selected residential blocks for the typical 
weather conditions in different months of the year and under the worst meteorological 
conditions. To obtain a representative picture of Hong Kong, 275 public and 295 private 
housing clusters respectively were selected. Collection of the air pollution exposure and 
socioeconomic data allows elucidation of the relationship between air pollution exposure 
and socioeconomic characteristics. 
The results show more significant inequalities among different social classes for 
residents in private housing estates than those in public. It has been found that people of 
lower socioeconomic status in Hong Kong are exposed to higher levels of vehicular air 
pollution compared with groups of higher socioeconomic status. However, when all the 
residents are pooled together for analysis, no evidence of inequality is found. This can 
be ascribed to the housing provision mechanism in which less well-off people are 
accommodated in public housing situated in new towns where the air quality is relatively 
better. The study has thus highlighted the importance of government intervention in 
housing provision. This is different from previous studies in which the mobility of 
residents is entirely driven by the market forces. By providing housing to the less well-
off people, the government has in effect mediated any possible inequality in Hong Kong. 
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Recent decades have seen increased recognition that biases in environmental policy-
making and regulatory processes, combined with discriminatory market forces and 
differential residential mobility, may lead to disproportionate exposure of environmental 
hazards to certain population groups (Brainard et al.，2002). This thesis concerns the 
differential exposure of the urban population to vehicular air pollution in Hong Kong, 
which, if established, is an indication that certain class or sector is exposed more to 
pollution than the others. This is related to "environmental justice", a concept of 
growing interest to both researchers and policy-makers examining whether the exposure 
to environmental risk across the society is fair and proportionate. The concern for 
environmental justice is propelled by two fundamental tenets of sustainable development, 
namely environmental protection and social justice (Mitchell & Dorling，2003). In a 
nutshell, environmental justice research seeks to determine whether the deprived or 
minority groups bear a disproportionate burden of environmental hazards and to unravel 
the driving forces behind, which would be helpful in the environment policy-making to 
create a just society. 
Since its first emergence in the US in the days of civil rights movement in the early 
1980s, different meanings have also been attributed to the concept of environmental 
justice. Cutter (1995) defined environmental justice as equal access to a clean 
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environment and equal protection from possible environmental harm irrespective of race, 
income, class, or any other differentiating feature of socioeconomic status. Offering a 
new dimension of public involvement and government roles, US EPA, defined 
environmental justice as: 
"Environmental Justice is the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and policies.“ 
(USEPA, 2010) 
Whether or not there is environmental justice in a particular community is ascertained 
by examining whether there is equal sharing of environmental risks across different 
strata of the society, a line of inquiry commonly known as "environmental inequality". It 
can be defined as the differential exposure of individuals and social groups to 
environmental risks, which means individuals and social groups are not equally exposed 
to environmental pollution, risks or environmental benefits and pleasantness. In this way, 
this thesis focuses on the differential exposure of the urban population to vehicular air 
pollution in Hong Kong. The study provides an opportunity to determine environmental 
inequality condition in Hong Kong. 
Many such studies have been undertaken over the past decades in different countries, 
such as Dolinoy et al. (2004) and Marshall et al. (2006, 2008) in the US, McLeod et al. 
(2000), Mitchell and Dorling (2003), Brainard et al. (2002, 2004), and Benedict et al. 
(2005) in the UK, Jefrett et al. (2001) in Canada, and Pearce et al. (2006) in New 
2 
Zealand. A variety of environmental hazards have been covered in such studies, ranging 
from the siting of waste treatment, storage or disposal facilities, toxics emitted from 
industries, multiple sources of air or noise pollution and so on. Most of these studies 
have found that people of lower socioeconomic status and minority groups are 
disproportionately exposed to the burden of environmental hazards (Brainard et al.，2002， 
2004), although there may be some exceptions (Jerret et al., 1996; MclLeod et al., 2000) 
which merit further investigation. 
An often overlooked，but important, element of environmental inequality study is to 
look into the driving force or mechanism behind the phenomenon. Of the few studies 
(Brainard et al., 2002) which looked into this matter, they found that environmental 
inequality could be attributed to a number of factors. The most notable one is residential 
mobility. Driven by the market forces, residential mobility is a self-selection process that 
the rich people can buy themselves out of more polluted neighborhoods, whereas the 
lower social groups tend to remain. The other possible contributing factors include 
previous urban planning strategies which did not give adequate attention to 
environmental quality; and the discriminatory application of environmental policies and 
control measures which subject inadvertently certain groups of people to environment 
hazards. 
Building on the wealth of studies undertaken previously and in other countries, this 
study endeavors to probe deeper into the topic of environmental inequality by examining 
the case of Hong Kong. Hong Kong, with its many unique features, provides a 
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complement to environmental justice research done elsewhere, may offer a new 
perspective that is different from the Western world. 
1.2 Hong Kong as a Case Study 
For several reasons, Hong Kong offers a good opportunity to ascertain whether 
environmental inequality exists or not, and if there is any difference between Hong 
Kong and previous studies, mostly undertaken in western cities. 
Firstly, the huge wealth gap in Hong Kong society provides a potential breeding 
ground for the social and environmental inequalities. Hong Kong is a city with contrasts 
where the tradition meets with modernity, the western combines the traditional Chinese 
culture, and the rich coexists with the poor. According to the 2009 Human Development 
Index (HDI) report of UNDP (United Nations development Programme), Hong Kong is 
among the group of most developed countries and regions, while the income Gini 
Coefficient, an indicator of inequality of income and wealth, puts Hong Kong as the 
highest of all the 42 countries and regions in the same group. There is reason to believe 
that such a huge gap may lead to environmental inequalities. 
Secondly, Hong Kong has a unique housing provision mechanism which may have 
significant bearing on residential mobility. The housing estates in Hong Kong are of two 
types having different residential mobility. About half of the population lives in private 
housing by the real estate developers. Some are luxurious flats but a few others of close 
to being slums. In this sector, residential mobility can allow the rich to buy themselves 
out and the poor to be stuck in the unpleasant neighborhoods. On the other hand, half of 
the population lives in public housing estates provided by the government for people of 
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low income group. Arranged and provided by the government, people in public housing 
have limited mobility as change of flats is not normally allowed, which is regarded as a 
form of public intervention. The differential residential mobility of people in these two 
sectors provides an interesting case for in-depth investigation. 
The third reason for studying Hong Kong is because of the diverse urban housing 
forms in Hong Kong which may cause different exposure patterns leading possibly to 
environmental inequality. The diversity can be attributed to different forms adopted in 
different periods of development; by different developers and necessitated by the local 
topography. The high-rise urban morphology combined with the coastal location and 
altitudinal variations have created different air ventilation conditions contributing to 
varied air pollution exposure patterns. 
As afore-mentioned, studies on environmental inequality have focused on different 
aspects of the environment. This study focuses on air pollution caused by vehicles in 
Hong Kong. The reasons for choosing air quality are varied. 
Air quality is a key concern in recent years in Hong Kong, which warrants an in-
depth study. The number of days with Air Pollution Index (API) reaching "very high" or 
"severe" levels has been increasing from year to year in Hong Kong. According to the 
Hong Kong Environmental Protection Department (EPD), the emissions from vehicles 
have accounted for a major source of air pollution. Despite there are different sources of 
air pollution in Hong Kong, vehicles are the main source of local street-level pollution 
(EPD, 2010). Th'e other source, being regional in nature, is derived from a combination 
of pollutants from motor vehicles, industry and power plants both in Hong Kong and in 
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the Pearl River Delta region. This regional source affects the whole Hong Kong 
irrespective of location and types of the residential housing. On the other hand, vehicles, 
particularly trucks, buses and light buses, are the primary source of street-level pollution. 
The contribution from industries has reduced significantly in recent years due to 
movement of industries to China Mainland. 
Air pollution in Hong Kong is aggravated by the confined space between high-rise 
buildings, also referred as the "street canyon" effect (EPD, 2010)，which increases the 
exposure of local residents to air pollution. Deterioration of air quality and exposure to 
air pollutants can adversely affect human health, undermine the tourist industry and 
diminishes the attractiveness of Hong Kong to expatriates. 
In spite of the importance of air quality, very little research has so far been carried out 
in Hong Kong. The pioneering work of Wong et al. (2008) has found that air pollution 
related mortality risks are associated with certain socioeconomic deprived groups. This 
study provides a good case for investigating the underlying factors and mechanisms 
which contribute to such phenomenon of environmental inequality. Hence, this study 
attempts to elucidate the differential exposure of Hong Kong residents to vehicular air 
pollution and unravel, as far as possible, the underlying forces. 
1.3 Research Objectives 
Given the above background, the research mainly focuses on the differential exposure of 
residents in Hong Kong to vehicular air pollution, with respect to the demographic and 
socioeconomic ciiaracteristics of the residents. In addition to elucidating which sectors 
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of the society are more vulnerable to vehicular air pollution, this study will endeavor to 
probe into the underlying mechanism. In summary, this study has three objectives. 
Firstly, the study attempts to determine whether the environmental inequality in terms 
of vehicular air pollution exposure exists, and to what extent the differential exposure of 
vehicular air pollution is related to the socioeconomic status of residents in Hong Kong. 
Secondly, the study attempts to ascertain the significance of market force in inducing 
environmental inequality by looking into the differences between public and private 
housing residents in terms of exposure to vehicular air pollution; and. 
Thirdly, this study will explore implications of the findings which may help achieve 
the aim of fostering environmental justice and facilitating the formulation of fair 
environmental policies. 
1.4 Significance of the Research 
This is a pioneering systematic study probing into environmental inequality issues in 
Hong Kong which may have great practical, policy and theoretical importance. 
From the practical perspective, air pollution is a severe problem in Hong Kong and 
any attempt to elucidate who are more susceptible to the vehicular air pollution will help 
identify the more vulnerable groups and channel resources to those in need. Protecting 
the health and well-being of all sectors of the society, irrespective of their class and 
background, should be the priority of good governance. . 
The findings of this study will potentially have great policy relevance. Elucidating 
how environmental inequalities have arisen will help identify possible causal 
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mechanisms. They will have particular bearing on the choice of policy instruments, as it 
is well known different instruments may have different distributive effects on different 
class of the society. All these will contribute to building a cohesive and harmonious 
society. 
Above all, the study will contribute significantly to our understanding of 
environmental inequality and knowledge of environmental justice. As indicated 
previously, this study, being undertaken in Hong Kong, will shed some light on the 
driving force of environmental inequality in the Asian context. Unraveling of the 




This chapter reviews the literature of environmental justice and inequality focusing on 
the concept, major findings and methodology. It begins with a conceptual framework of 
environmental justice and inequality studies, traces its origin and development and ends 
up with the definition of related terms. This review will highlight both the similarities 
and differences among previous studies. To provide the background for the study, this 
chapter will also outline the methodology used in past studies, highlighting in particular 
the environmental parameters evaluated, the socioeconomic indicators, the units of study 
and the analytical methods used. 
2.1 Introduction 
This section outlines the origin of environmental justice and describes concepts related 
to environmental racism, environmental justice and environmental inequality. The 
notion of environmental justice grew out of the rising concern about the siting of 
hazardous waste treatment storage or disposal facilities, and often concerns 
environmental risks such as the release of toxic substance by industry and exposure to 
noise or air pollution from multiple sources. 
2.1.1 Origin of environmental justice 
Environmental justice concerns were first raised in the fall of 1982. A large civil rights . 
protest against the siting of hazardous waste landfills took place in Warren County, 
North Carolina, one of the poorest counties in the United States where 65% of the 
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population are African-American. In response to these events, the US General 
Accounting Office (GAO) examined the siting of four hazardous waste landfills in the 
southeastern United States, and found that three of them were located in predominantly 
� African-American communities. In 1983，the GAO concluded that there was evidence of 
inequality in facility siting. The findings of this study, together with subsequent studies 
by the United Church of Christ's Commission for Racial Justice (1987), provided some 
much-needed empirical support for claims of "environmental racism" (Cutter, 1995). 
Thus began a new movement for environmental justice in which the concept of 
"environmental racism", and more broadly, "environmental justice" and "environmental 
inequality" drew the researchers' attention to the distribution of environmental risks in 
society. 
2.1.2 Concept 
The concept environmental racism deriving from the event of Warren County in 1982 
refers to the generally accepted evidence that environmental hazards are not distributed 
equally among various racial groups (Newton David E.，2009). According to the 
definition of the US House of Representatives Subcommittee on Civil and Constitutional 
Rights on March 3,1993: 
"Environmental racism is defined as racial discrimination in environmental policy 
making and the unequal enforcement of environmental laws and regulations. It is the 
deliberate targeting of people of color communities for toxic waste facilities and the • 
official sanctionipg of a life-threatening presence of poisons and pollutants in people of 
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color communities. It is also manifested in the history of excluding people of color from 
the leadership of the environmental movement.“ 
Another term environmental justice refers to another aspect of this issue, which also 
emerged in this movement. It requires both a more equitable distribution of 
environmental risks and greater public participation in evaluating and apportioning them. 
Cutter (1995) defines environmental justice as equal access to a clean environment and 
equal protection from possible environmental harm irrespective of race, income, class, 
or any other differentiating feature of socioeconomic status. Offering a new dimension 
of public involvement and government roles, US EPA defined-environmental justice as: 
"Environmental Justice is the fair treatment and meaningful involvement of all people 
regardless of race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and policies.“ 
(USEPA, 2010) 
When any aspect of the justice is broken, or a particular social group - not necessarily 
a racial or ethnic group - is burdened with environmental risks, an ''environmental 
inequality” occurs (Pellow, 2004). 
A large body of research has been conducted not only in the US, but also in the UK, 
Canada, New Zealand and etc. It seeks to determine whether disadvantaged groups bear 
a disproportionate burden of environmental risks and whether the planning policy and • 
practice affecting the environment are equitable and fair (Mitchell & Dorling, 2003). 
Evidence indicates that minorities who are disadvantaged in terms of education, income 
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and occupation not only bear a disproportionate share of environmental risk and death 
but also have less power to protect themselves (Sharader-Frechette, 2002). 
Environmental inequalities are found by different researchers with respect to different 
environmental hazards, which are introduced in subsequent sections. 
2.2 Review of environmental inequality studies 
Previous environmental inequality studies focused on three types of environmental risks: 
the siting of storage or disposal facilities for hazardous waste treatment, the release of 
industrial toxics, and exposure of the population to noise and air pollution. 
2.2.1 The siting of hazardous waste treatment storage or disposal facilities 
Early environmental inequality studies have mainly focused on the relationship between 
the siting of hazardous waste treatment storage or disposal facilities and the residential 
profiles of their localities. Inequalities among various social groups were identified in 
previous studies, initiating the field of environmental inequality research. 
Previous studies concluded that the siting of hazardous waste treatment storage or 
disposal facilities was race-biased. For instance, two pioneering studies by the GAO 
(1983) and the United Church of Christ (UCC) (1986) demonstrated that minorities such 
as African-American communities are significant predictors of hazardous waste facilities. 
A study by Mohai and Bryant (1992) also concluded that racial variables accounted for . 
the siting of the facilities in the Detroit area. They commented that "indeed, race has 
been a factor in the siting of commercial hazardous waste facilities in the United States". 
Similarly, Anderton et al. (1994), Rachel and Manuel et al. (2002) and Mohai and Saha 
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(2007) indicated that the sizes of minorities had statistically significant associations with 
the siting of these facilities. 
The siting of hazardous waste facilities was also linked to the presence of groups with 
lower economic status, such as lower income households. For example, Anderton et al. 
(1994) indicated that groups below the poverty line had statistically significant 
associations with the siting of hazardous waste facilities. In the studies of Mohai and 
Bryant (1992) in Detroit and Sadd et al. (1996) in Los Angeles, income variables also 
accounted for the siting of hazardous waste sites. 
It has been suggested that disadvantaged and minority people are more likely to live 
in proximity to the hazardous waste facilities than are wealthier people or white people 
in many earlier studies, and summaries of earlier empirical studies are also available by 
other researchers (Anderton et al., 1994; Bowen et al., 1995; Cutter, 1995; Goldman, 
1994a; Greenberg, 1993; Mohai & Bryant，1992; Perlin et al, 1995), which will not be 
described in details here. 
2.2.2 Release of toxics from industries and facilities 
Environmental justice studies were also conducted with respect to the release of toxics 
from industries and facilities. The Emergency Planning and Community Right to Know 
Act created in the US in 1986 requires manufacturing industries and facilities to report 
their releases, including over 300 toxic substances. The toxics release inventory 
uncovered the unbeknown environmental risks to local residents, and also provides a 
chance for researchers to testify the environmental inequality (Dolinoy & Miranda， 
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2004). A large body of studies has been conducted, and inequalities were identified by 
different researchers. 
The findings of previous studies revealed evidence of inequalities biased by factors 
such as race and household income，which are broadly similar to those related to the 
siting of hazardous waste treatment storage or disposal facilities. 
Inequalities have been found to be biased by race in previous studies. For instance, in 
a nationwide study in the US by Perlin et al. (1995), members of several racial groups, 
including Hispanic-Americans and African-Americans, were found more likely, on 
average, to live in a county with higher toxic releases than the median value for whites. 
In a state-wide study of Florida, Pollock and Vittas (1995) found that more African-
American and Latino households lived within one mile of a toxic release facility, while 
this ratio for white households and all households much lower. Instead of simply 
indicating whether the possible hazard exists because of the presence or absence of a 
polluting facility as Anderton et al. (1994) and other previous studies have done, 
BOwen's study (1995) in Ohio moves closer to assessing 'how much' pollution the 
population of interest is potentially exposed to by using distance-decay functions of 
toxic releases (Jerrett et al., 1997). High correlations between racial variables and levels 
of toxic release are found, which apparently support the previous research. Dolinoy and 
Miranda (2004) also indicated that the toxics exposure was disproportionate by race in ‘ 
their study in Durham County, North Carolina. 
Inequalities in' terms of exposure to toxics from industries and facilities have also 
been found to be income-biased. For example, Pollock and Vittas (1995) found that in 
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Florida 27.8% of low income African-American households and 21.3% low income 
Latino households lived within one mile of toxics release facilities, while which also 
seems highly related to the racial factors. The study of Dolinoy and Miranda (2004) also 
revealed that income accounted for the unequal burden of toxics release from industries 
and facilities. 
2.2.3 Population exposure to noise and air pollution 
Environmental justice has also been evaluated by examining population exposure to 
environmental pollution, particularly on exposure to noise and air pollution. Many 
studies have found evidence of inequalities. 
2.2.3.1 Noise 
Environmental noise, which may cause nuisance and have detrimental health effects 
such as hearing loss and stress-related illness, has been examined together with the 
socioeconomic profiles of residents. Unequal exposure has been found in certain 
population groups where age, race and socioeconomic status are the factors. 
Different age groups have been found to be exposed to differential levels of noise 
pollution. Age has been examined, because children and elderly people are considered to 
be sensitive groups within the society. For instance, Brainard and Andrew et al. (2004) 
found that pensioners in Birmingham experienced higher noise levels than other age , 
groups. Kohlhuber et al. (2006) noted similar patterns in Germany. However, Xie and 
Kang (2009) found that London children and teenagers were more likely to live in 
relatively quiet areas than those in the 20- to 24-year-old age bracket. 
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Unequal exposure to noise pollution is also noted among different race groups. For 
example, Forkenbrock and Schweitzer (1999) concluded that minority populations were 
disproportionately and adversely exposed to higher levels of noise pollution in Waterloo, 
Iowa. Brainard and Andrew et al. (2004) also revealed that Blacks in Birmingham were 
exposed to higher levels of noise pollution than the Indian and Pakistani sub-groups, 
who tended to experience lower exposure than the city average. 
The socioeconomic status of residents has also been found to be strongly related to 
their exposure to noise pollution, with household income, educational attainment, 
employment, and occupation status all being significant factors. For instance, Kohlhuber 
et al. (2006) found that households with lower income, educational level, and 
occupational status were adversely and disproportionately affected by noise pollution, 
and similar patterns were verified by Forkenbrock and Schweitzer (1999) and Xie and 
Kang (2009). Brainard and Andrew et al. (2004) used the Carstairs Deprivation Index, a 
composite index of socioeconomic variables, to indicate socioeconomic status, and 
found that the deprived groups were living in a noise nuisance environment in exchange 
for lower housing costs and better transportation links. 
2.2.3.2 Air pollution 
Air pollution exposure has also become a key concern in recent years because of 
significant negative impact of poor air quality on human health. A wide variety of air 
pollutants have been studied, including CO, NO2, NOx, O3, SO2 and PMio with the ‘ 
socioeconomic profiles of residents. 
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Studies suggested that different age groups might experience different air pollution 
exposure. For example, Pearce et al. (2006) discovered that people aged between 15 and 
34 years old were exposed to the greatest levels of air pollution in Christchurch, New 
Zealand. Mitchell and Dorling (2003) also concluded that people aged below 34 years 
old were exposed to higher air pollution levels, and similar patterns were also found by 
Brajer and Hall (1992). Brainard et al. (2002) found that younger populations were 
somewhat overrepresented in communities of higher air pollution levels. 
Some studies have found relationship between pollution levels and race profiles of 
the residents. For instance, Black or Hispanic residents were found to suffer from worse 
air quality by Brajer and Hall (1992). Brainard et al. (2002) and Marshall et al. (2006) 
also found that non-white communities were burdened by disproportionate pollution 
levels. Similar patterns have also been found by Perlin et al. (1995), McLeod et al. 
(2000), and Marshall et al. (2006) that minority groups are exposed to higher air 
pollution levels. 
Furthermore, people with lower socioeconomic status are likely to be exposed to 
higher levels of air pollution. For example, groups with lower household income were 
found to be exposed to worse air quality (Freeman, 1972; Asch & Seneca, 1978; Brajer 
& Hall, 1992; Perlin et al., 1995; Jerret et al., 2001; Marshall et al., 2006). Dwelling 
values were also found to be negatively associated with air pollution exposure levels, ‘ 
that significant higher pollution levels were found among more disadvantaged or poorer . 
communities (Jeiret et al., 2001; Mitchell & Dorling，2003; Pearce et al., 2006). 
Researchers also investigated other indicators of socioeconomic status, including 
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unemployment by Jerret et al. (2001), Carstairs Deprivation Index by Brainard et al. 
(2002) and social class by Benedict et al. (2005), and deprived groups were also found to 
be unfairly exposed to worse air quality. Mitchell and Dorling (2003) and Pearce et al. 
(2006) also concluded that people who were contributing the least to the pollution levels 
are those suffering the greatest degree of exposure. Table 2-1 summarizes the related 
studies. 
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Table 2-1. Related environmental inequality studies 
Reference Location Pollutants Index study unit 
Brainard et al. Birmingham, Enumeration CO, NO2 Ethnicity; Age; Deprivation index 2002 England District 
Hamilton, Income; Dwelling value; unemployment Jerrett, 2001 TSP Census tracts Canada rate; manufacturing; education; immigrants 
Enumeration King et al. 2000 UK PMio，NO2 Social deprivation index 
District and ward 
Steve Pye et al. UK PMio, NO2 Social deprivation index ward 
2001 . 
H. Mcleod et al. England and SO2, NO2, Social class index; ethnic; Ward weighted Local authority 
2000 Wales PMio density districts 
Gordon M. et 
UK NO2 Age; Poverty; car ownership ward al. 2003 P 
Gordon M. et Leeds，UK NO2 Poverty grid cell 200x200m 
al. 2005 
Murray M. 
Southern Finkelstein et TSP, SO2 Household income Postal codes Ontario, Canada al. 2003 Washington, PM2.5, Jonathan, 2002 Education, Race, age census tracts DC, USA SO2, NO, 
Pearce, Christchurch, age, ethnicity, income and index of social 
PMio Census Area Unit 2006 New Zealand deprivation 
Southeast Buckeridge, proportion of the population with a Census Toronto, PM2.5 2002 university degree Enumeration Canada 
Jerrett, Los Angeles, 
PMio, O3 mortality Zip code area 201) J UoA 
Frank Bradford, Enumeration Pennycook,, NO2, PMio Deprivation Index 
… � UK District . 2002 
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Environmental researchers have offered several explanations for the existence of 
environmental inequality, explaining why poor and minority neighborhoods are more 
likely than other neighborhoods exposed to environmental hazards. For example, the 
relatively low housing costs of the environmentally hazardous neighborhoods make 
them more attractive to lower socioeconomic groups; deprived groups lack the political 
capacity to keep hazardous facilities out of their neighborhoods; racism in the housing 
market keep minorities to undesirable neighborhoods (Downey, 2007). While there are 
still some different findings in previous studies, which may be attributed to the different 
methodologies applied, or they are just the truth. 
2.2.4 Dissimilarity of the findings 
Although environmental inequalities have been examined in many studies, some 
exceptions have also been found. Unlike previous studies which found that differential 
exposure to environmental risks is socially biased, contradictory trends have also been 
observed in some studies. For example, Jerrett et al. (1997) has found that household 
income displayed a positive relationship with pollution emission level in Ontario of 
Canada. McLeod et al. (2000) also found that relatively affluent housing was located 
near the city centre, where the air pollution levels ( S O 2 , NO2 and P M i o ) were higher. 
Both Pye et al. (2001) and Lyons et al. (2002) have reported no association between air 
quality and the residential socioeconomic status. • 
Despite the inconsistent findings, all of the above researchers have highlighted the • 
need to explore th^ ^ methodological issues. Several crucial issues, such as the study unit, 
the method of exposure assessment and so on, are identified. As pointed out by 
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Greenberg (1993), different methodological approaches can give dramatically different 
results, and the need for a standardized approach in environmental justice studies was 
also highlighted. Regarding the problems in previous studies, some key methodological 
issues are discussed in subsequent section. 
2.3 Research methodology 
There is no single standardized approach in environmental justice studies, despite the 
importance of using the right method has been underscored by some previous authors 
(Jerrett et al.，1997). Some studies have found different results using different methods 
(Glickman et al.，1994; Anderton et al., 1994; Dolinoy & Miranda, 2004). Therefore, 
considerations of methodology are very important in any environmental inequality study. 
Previous studies have already highlighted a few methodological issues which will be 
examined carefully in the rest of this chapter, especially those studies in terms of air 
pollution exposure, which are exactly our study concerns. They include environmental 
indicators and parameters, exposure assessment, socioeconomic indicators, the unit of 
study and analytical method. 
2.3.1 Environmental indicators and parameters 
Most studies have used common air pollutants in city environment as an indicator of air 
quality. For example, SO2，NO2 and PMio are applied in the study of McLeod et al. 
(2000), and Jerrett (2005) used PMio and O3 as environmental indicators. When 
reviewing all of the 15 selected environmental inequality studies in terms of air pollution 
exposure (Table 2-1), several air pollution indicators were widely used, including CO, 
NO2，NOx, SO2，PMio, PM2.5, TSP, O3，benzene and so on. NO2/NOX and PMio were the 
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most commonly chosen environmental indicators. Nine of the 15 studies used NO2/NOX 
as air pollution indicators, while 12 used PMio. 
As a measure of pollution levels, almost all of the studies selected the annual mean 
pollution concentrations，and Jerrett et al. (2001) also examined any extreme events that 
took place in the span of a year. To obtain the annual mean pollution levels, different 
exposure assessment methods have been applied in these previous studies. 
2.3.2 Pollution exposure assessment method 
Exposure assessment is often a challenging issue and a key methodological 
consideration in the study of environmental inequality on air pollution exposure (Sexton 
& Agate, 1999). Monitoring station data, estimation from emission inventory, and air 
pollution dispersion modeling are the three common methods of exposure assessment 
applied in previous studies. Among all reviewed studies (Table 2-1), more than half of 
them have used air pollution dispersion models to estimate the pollution levels (Brainard 
et al., 2002，2004; Mitchell & Dorling，2003; Dolinoy & Miranda，2004; Mitchell, 2005; 
Pearce et al., 2006; Marshall et al., 2006，2008). For example, the Airviro model 
package used by Brainard et al. (2002)，the ISCST3 dispersion model by Dolinoy and 
Miranda (2004) and TAPM model by Pearce et al. (2006) and so on. However, each 
method has its pros and cons. 
The data from air quality monitoring stations is considered to be more accurate, but 
there are a few disadvantages. As Brainard et al. (2002) have suggested, air pollutants 
are very much localized pollutants, and concentrations fall fairly rapidly with distance 
from roads or sources. Air quality varies substantially with time and distance. In addition, 
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it would take a long monitoring period to obtain the annual mean concentrations of the 
air pollutants. It will be difficult to obtain the representative pollution levels of selected 
objectives due to the few and sparse distribution of monitor stations. 
Other studies used estimates of emission inventory (Perlin et al., 1995). Although this 
method has taken the distance between emission sources and receptors into 
consideration, it still has limits for several reasons. First, ambient concentrations are 
assumed to be linearly related to emissions (Jerrett et al., 1997). Second, it takes no 
account of the meteorological and topographic conditions that influence pollution levels 
dramatically, which may incorporate a variety of implicit assumptions. Relatively minor 
changes in the exposure estimation procedure can alter the final results. Moreover, the 
emission inventory is actually the input of air pollution dispersion model, and is only the 
first step of another exposure assessment method, modeling. 
Many studies relied on air pollution dispersion modeling to estimate the exposure 
level. Such a method is used for a number of reasons. First, dispersion models can be 
applied for different geographical scales, such as regions or census tracts, which solve 
the lack of enough monitoring stations. Second, the modeling approach takes 
meteorological and topographic factors into account which may influence pollution 
levels significantly, and provides more accurate assessment of the spatial and temporal 
distribution of air pollutants and also simulation under extreme events. Thirdly, it can • 
also exclude the influence of pollutants from other sources, and only focus on emissions 
from a single source, which cannot be achieved by other methods. With the development 
of GIS technologies, it has offered the chance to link environmental pollution to 
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socioeconomic or health profiles of the residents. However, the limitations for dispersion 
models cannot be neglected. For example, the method may lead to inaccurate exposure 
estimation due to the transformations of pollutants in environment, or the social activity 
patterns of population may affect the actual exposure experienced by the individuals 
(Glickman, 1994). Despite of deficiency and inaccuracy in even the most precise air 
dispersion model, a map depicting the manner in which air pollution varied across the 
city or region is already enough to fulfill the requirement for the environmental justice 
study (Brainard et al.，2002). 
2.3.3 Choice of socioeconomic indicators 
Greenberg (1993) emphasized the need to examine a broad range of potentially 
disadvantaged populations, including the young and old, race minorities, the poor and so 
on. A variety of indicators used in the previous studies are reviewed, including the 
demographic characteristics (age and race) and socioeconomic variables (unemployment, 
household crowdedness, education, occupation, household income) which indicates the 
social status of the population, as well as sources of the data. 
2.3.3.1 Demographic and socioeconomic indicators 
The exposure of different age groups to different pollution levels has been examined in a 
number of studies (Brainard et al.，2002; Mitchell & Dorling, 2003; Pearce et al., 2006) 
for three reasons. First, children are inherently more susceptible to air pollution as their 
lung function and immune system are still developing (Pearce et al., 2006). Second, ‘ 
elderly people are considered to be more sensitive and susceptible to the adverse health 
effects of exposure to air pollution (Filleul et al, 2004). Third, young people, 
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particularly children, mostly cannot influence decisions about residential location and 
are unable to control their exposure to pollutants (Mitchell & Dorling, 2003). 
Whether exposure to air pollution is racially biased or not has been a focus of some 
previous studies (Brainard et al., 2002; Marshall, 2008; McLeod et al., 2000; Susan A. et 
al., 1995; Dolinoy & Miranda，2004; Pearce et al., 2006). In previous studies, 
environmental racism, race profiles and differential exposure to environmental risks 
were major concerns. While racial categorization also varied in different studies, it may 
not be major concern in this study due to the relatively homogeneous racial profile of 
Hong Kong. 
To examine whether air pollution disproportionately affects the disadvantaged social 
groups, different socioeconomic indicators have been evaluated. For example, Jerret et 
al. (2001) found a significant relationship between unemployment of residents and air 
pollution levels. Household income has also been widely examined in environmental 
inequality studies (Susan A. et al., 1995; Jerrett et al., 2001; Dolinoy &Miranda, 2004; 
Pearce et al., 2006; Marshall, 2008). Occupation is another often-used indicator of social 
status, with McLeod et al. (2000) and Jerrett (2001) finding inequalities among different 
occupational groups. 
In addition to the single socioeconomic indicator mentioned above, researchers have 
also used composite indices, such as social deprivation index，which integrates different 
socioeconomic indicators. For example, Mitchell and Dorling (2003) used the Breadline • 
Britain Index and Pearce et al. (2006) created the New Zealand Deprivation Index, both 
of which are extracted directly from government census. The Carstairs Deprivation 
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Index (Carstairs & Morris, 1989)，which is a composite index of unemployment, house 
crowdedness, occupation and car ownership, is applied by Brainard et al. (2002) and 
Benedict (2004). Brainard et al. (2002) also examined inequality using the Townsend 
Deprivation Index (Townsend et al., 1988), composed of factors relating to 
unemployment, car ownership, home ownership and house crowdedness. King and 
Stedman (2000) and Steve Pye et al. (2001) adopted Indices of Multiple Deprivation 
comprising factors related to income, employment，health and disability, housing, 
education and geographical access. 
2.3.3.2 Source of socioeconomic data 
Government census data are the major source of the socioeconomic data. In a review of 
20 inequality studies, 18 of them extracted data from the government census, only two 
are from survey conducted by the researchers. Census data are preferred in 
environmental inequality studies for several reasons. First, comparing with survey, 
census data can protect the privacy of individuals, because the smallest unit in census is 
usually community or census tract. Second, to collect socioeconomic data for a large 
sample size covering individuals with a wide range of various socioeconomic variables 
is extremely time consuming and labor intensive, while using census data can solve the 
problem. In addition, when individuals become the data sources, the results will be 
relatively sensitive to the data provided by each individual. • 
2.3.4 Study unit 
It has been suggested by different researchers that the study unit can influence the results 
(Anderton et al., 1994; Bowen et al., 1995; Glickman, 1994; Perlin et al., 1995; Pearce, 
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2006). Study unit may also have contributed to the equivocal findings in some studies 
(Anderton et al.，1994; Bowen et al., 1995; Jerrett et al., 1997). For example, Dolinoy 
and Miranda (2004) conducted studies in North Carolina of the US on four geographical 
scales, ZIP code tabulation areas, tracts, block groups and blocks, and indicated that 
finer levels of geographic resolution revealed differential exposure by income and race. 
Bowen et al. (1995) also concluded that spatial scale was critical in environmental 
inequality studies. Anderton et al. (1994) also considered study unit to be a crucial issue 
which may influence the study results. 
Generally, scholars have suggested that the small census tract supplies more accurate 
answers in environmental justice studies compared to counties or even larger scale units 
(Jerrett, 1997)，as these small units of analysis tend to detect neighborhood differences 
more accurately. Study units of census tract levels are also considered to reduce the 
possibility of spurious relationships caused by variables that relate to pollution emissions 
and to disadvantaged populations (Anderton et al., 1994; Bowen et al., 1995; Jerrett, 
1997). 
The usage of census data also determines the basic census unit to be an appropriate 
unit. From this perspective, census unit makes the collection of socioeconomic data 
more efficient. The usage of socioeconomic indicators from census data has determined 
the study unit to be the same with census tract. Most researchers have adopted the • 
census unit as study unit in previous studies. For instance, in the UK, Enumeration 
District (ED), which contains about 150 households, is widely used by King et al. (2000) 
and Brainard et al. (2002, 2004). Ward, covers approximately 50 EDs，is another 
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frequently used unit in the UK (Stevenson et al., 1998, 1999; Pye et al.，2001; Mitchell 
et al., 2003). Census Tract (generally between 2,500 and 8,000 people) is adopted in the 
US (Morello-Frosch, 2006) and Canada (Jerrett, 2001). Census Area Unit (the second 
smallest unit of dissemination of census data with approximately 2300 people) in New 
Zealand (Pearce, 2006) is also appropriate unit. Smaller unit is more homogeneous, 
hence the summary statistics such as average of pollution levels or resident 
socioeconomic profiles will be more representative. 
While in the exploring of selecting the appropriate unit for this study, it appears 
unlikely that one scale will serve for all questions of interest. Different scales answer 
different questions, while some caveats should be bear in mind. The first one is that the 
study unit should depend on the type of hazard and its expected impacts (Jerrett, 1997). 
For example, regarding different environmental risks, such as landfill facilities and air 
pollution, or even air pollution from different sources, the selection criteria may vary. 
Second, the boundaries should be clearly defined and stable over time (Holman, 1996), 
which will ensure the research can be replicated by others. Also, whether the 
socioeconomic and pollution exposure data can be available or collectable in a cost-
effective manner should be considered in the selection. However, no matter how well the 
theory is, it will not solve every problem. The most appropriate study unit for any 
studies is dependent on the specific research question and purpose of the study 
(Anderton et al., 1994). 
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2.3.5 Analytical methods 
Wilkinson (1998), Bowen (2002) and Mitchell and Dorling (2003) have observed that 
there is no standard analytical method for investigating the environmental inequality. To 
examine the differential exposure levels of air pollution among socioeconomic groups, 
different analytical methods have been adopted, including visual comparison of mapped 
data (Stevenson et al., 1998; 1999; Pennycook et al.，2001)，simple calculation of 
averages or correlation coefficients (Bowen, 2002; Brainard et al., 2002), and linear 
regression analysis (McLeod et al., 2000; Jerrett et al., 2001; Brainard et al., 2002; 
Marshall, 2006; 2008), which is also the most common method. 
Decile analysis is another innovative and widely adopted method in some previous 
studies (Brainard et al., 2002; Mitchell & Dorling，2003; Pearce et al, 2006). In decile 
analysis, each socioeconomic factor is sorted into ascending order with the 
corresponding pollution levels and placed into deciles, so that the upper deciles are 
characterized by the greatest proportion of people in that specified socioeconomic group 
(Mitchell & Dorling, 2003). This comparison allowed researchers to examine the 
relationship between pollution levels and age, race, income or any other socioeconomic 
indicators. In practical studies, different analytical methods are often used together to 
show the relationship from different perspectives. 
2.4 Factors contributing to inequality 
Although environmental inequalities have been found in many previous studies, only a • 
small proportion ,of them have investigated into the mechanism that has contributed to 
the inequality. Jerrett et al. (2001) concluded that three factors might contribute to the 
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environmental inequality，including the market forces (Baumol & Oakes，1988), the 
ability of powerful groups to shape and use institutions affecting land use to their benefit 
(Bullard, 1990; Pulido, 2000)，and unequal political power among different groups 
(Hamilton, 1993). 
Market forces are identified as the mechanism contributing to the environmental 
inequality in several studies (Oakes et al., 1996; Brainard et al., 2002; Mitchell & 
Dorling, 2003). Scholars contended that social deprivation or economic status may be 
the cause of inequality that, being economically disadvantaged, these people can only 
afford lower housing costs in polluted areas while rich people can buy themselves out of 
those areas. 
Brainard et al. (2002) also concluded that the ability of powerful groups operating the 
housing markets might contribute to the discriminatory results. Landlords and housing 
agencies have discriminated by telling individuals from ethnic groups that housing was 
not available in certain 'white' areas (Brainard et al., 2002). A racial steering process 
forced the ethnic families to live in poor-quality housing, often rented from the same 
ethnic background, in concentrated localities. 
Political power is another driven force which has contributed to the observed 
inequalities in exposure to air pollutants (Brainard et al., 2002). For example, the 'slum 
clearance programme' in Birmingham has forced the families of ethnic minority groups 
to allocate from demolished stock to older housing, and this type of housing is located in 
poor environmental quality. 
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2.5 Summary 
For the past decades, there has been an increasing interest in environmental justice 
research. Research has covered the local and national scales, and used different 
environmental variables (the siting of hazardous-waste treatment storage and disposal 
facilities, release of toxic substances, and noise and air pollution exposure) and 
socioeconomic variables (age, race, and social status). Environmental inequalities have 
been detected in different cities and countries by researchers from a broad set of 
disciplines, including geography, sociology, environmental science, and statistics. 
Building a stronger foundation for environmental justice research requires, at the very 
least, reliable data acquisition and analysis. However，valid research is also dependent 
on suitable research design. To enable researchers to more effectively compare 
demographic and socioeconomic groups in terms of differences in exposure and 
subsequent public health effects, improvement in methodology is still needed (Bowen， 
2002). Sophisticated statistical tools are also required. The application of GIS to 
complement traditional statistical analysis should be explored. A mature research 
methodology is also gradually forming. 
Of course, according to Petulla (1980) and others, the larger issue in environmental 
justice has to do with integrating a theory of individual choice and welfare into social 
institutions. Especially given the studies have revealed that environmental quality will 
be positively associated with wealth or income. Environmental justice is not only a 
scientific issue, but also related to the distribution of social wealth. Perhaps, to improve 
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the distribution of wealth will be the way to eliminate the spatial distribution of 
environmental quality. 
Regarding the environmental inequality studies and methodological issues reviewed, 
the methodology of this study in Hong Kong is designed accordingly, also taking the 




This chapter describes the methodology of the study which was developed having regard 
to experience of previous studies and the unique setting of Hong Kong. It begins with an 
overall framework which is followed by a detailed account of the methodology adopted. 
Particular attention will be directed to issues related to the unit of study, the sampling 
strategy, technique of air pollution exposure assessment, choice of socioeconomic 
indicators and method of data and statistical analysis. 
3.1 Research Framework 
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The primary purpose of the study is to assess, by modeling, the exposure of the 
population of Hong Kong to vehicular air pollution and to determine if the exposure is 
socially biased. As will be detailed later in this chapter, the "Building Group" (BG), an 
enumeration unit of the Census Department of Hong Kong, is used as the study unit in 
this research. A total of 570 BGs (295 private and 275 public housing groups 
respectively) in different parts of Hong Kong were selected as the study sample. The 
concentrations of CO, NOx, SO2 and PMio of vehicular origin have been estimated for 
various assessment points on the fapades of selected buildings. The estimates were made 
for annual average and the worst meteorology conditions. Based on the estimates at 
different locations and at various heights in each BG, the mean air pollution level of 
each BG was calculated. The socioeconomic profiles of the residents in each BG were 
subsequently collated from the census data. Statistical analyses were done on the air 
pollution exposure and socioeconomic data to elucidate the relationship between 
exposure level and socioeconomic status of the residents. Figure 3-1 shows the research 
framework. 
3.2 Study Unit and Sampling Strategy 
It has been found by different researchers that the study unit can influence the results 
(Anderton et al., 1994; Bowen et al., 1995; Glickman, 1994; Perlin et al., 1995; Pearce, 
2006)，which may have contributed to the equivocal findings in some studies (Anderton . 
et al., 1994; Bowen et al., 1995; Jerrett et al., 1997). Based on the suggestions in 
previous studies, as well as the local settings in Hong Kong, the study unit and sampling 
strategy are introduced in this section. 
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3.2.1 Study unit used in other studies 
Researchers have suggested that small census tract supplies more accurate answers to 
environmental justice studies compared to counties or even larger scale units, as small 
units of analysis tend to detect neighborhood differences more accurately (Jerrett, 1997). 
Larger study units are heterogeneous and, thus, less reliable. Moreover, the study unit at 
census tract levels is also considered to make the collection of socioeconomic data more 
efficient, as the collection for a large sample size covering individuals with a wide range 
of various socioeconomic variables is extremely time consuming and labor intensive. It 
is hence widely adopted in the studies of other countries. For example, in environmental 
justice studies conducted in the UK, Enumeration District (ED), which contains about 
150 households, is used by King et al. (2000) and Brainard et al. (2002，2004). Ward 
covers approximately 50 EDs, and is another frequently used unit in the UK (Stevenson 
et al” 1998，1999; Pye et al, 2001; Mitchell et al” 2003). Census Tract (CT, generally 
between 2,500 and 8,000 people) in the United States (Morello-Frosch, 2006) and 
Canada (Jerrett, 2001), Census Area Unit (CAU, the second smallest unit of 
dissemination of census data with approximately 2,300 people) in New Zealand (Pearce, 
2006), are all considered appropriate units. 
3.2.2 Study unit 
"Building Group" (BG) is used as the study unit in this study, which is a unit at the level 
of Street Block. There are two basic geographical demarcation systems for 
disseminating the 2001 Population Census results in Hong Kong, including the District 
Council/Constituency Area system and Tertiary Planning Unit/Street Block system 
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(Figure 3-2) (C&SD，Hong Kong SAR, 2001). District Council/Constituency Area 
system is developed for district administration and election purposes. Tertiary Planning 
Unit/Street Block system is devised by the Planning Department for town planning 
purpose, including hierarchically 9 Primary Planning Units at the first level, 51 
Secondary Planning Units at the second level, 282 Tertiary Planning Units (TPU) at the 
third level, and 4636 units at the Street Block level in the 2001 Population Census 
version. 
BG, which is developed by Census & Statistics Department of Hong Kong (C&SD) 
for the compilation of 2001 Population Census data at the level of Street Block (Figure 
3-2), is used as the study unit in this study. The data are presented on the website of 
CentaMap and is shown on geographical and building basis. There are 2,817 BGs 
covering the 18 districts in Hong Kong. To ensure the confidentiality of Census data， 
each BG contains at least 1,000 populations and includes residential buildings only. In 
each BG, buildings are grouped to have approximately similar populations and be 
socially homogenous according to its geographical location, building type, building age 
and number of residential storey. With homogenous socioeconomic profiles of the 
residents, BG is hence adopted as the study unit in this study. 
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Figure 3-2. Geographical Demarcation System in Hong Kong (2001) 
3.2.3 Sampling Method 
Due to the time constraint and the huge amount of work for air pollution exposure 
assessment, it is impossible to include all BGs around Hong Kong as the study sample. 
A total of 570 BGs covering all 17 administrative districts (with the exception of the 
Outlying Islands) are selected all around Hong Kong. The number of BGs in each 
district was determined based on the population proportion of districts in Hong Kong 
(Table 3-1). BGs were then selected using a random sampling approach in each district . 
by GraphPad Software (an online calculator for scientists). A total of 295 and 275 
private and public housing groups, respectively, were finally selected. Figure 3-3 shows 
the location of all BGs around Hong Kong, which cover both public and private housing 
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estates. These BGs were built at different times, and are representative of various urban 
forms and different providers. Using this approach, the data are derived from the 
population levels rather than individuals. 
A〜, 
n j m } % ^ � � " " ^ 4 � 
( ‘ inS r.创 H 
if H ^ f f V 
i / ' 、 5 . w ^ ^ 。 傘 
c U ^ p . 过 ) 
: public 
I private 
Figure 3-3. Distribution of Public and Private BGs in Hong Kong 
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Table 3-1. The sample of 570 BGs selected 
District no. Name Public BG No. Private BG No. 
1 Central & Western 1 24 
2 WanChai 0 16 
3 Eastern 19 35 
4 Southern 12 11 
5 Yau Tsim Mong 2 23 
6 Sham Shui Po 12 18 
7 Kowloon City 7 26 
8 Wong Tai Sin 32 6 
9 Kwun Tong 35 16 
10 Kwai Tsing 30 10 
11 Tsuen Wan 6 17 
12 TuenMun 26 16 
13 Yuen Long 15 23 
14 North 14 11 
15 Tai Po 14 12 
16 ShaTin 32 21 
17 SaiKung 18 9 
Total 275 295 
3.3 Air pollution exposure assessment 
A Gaussian dispersion model is used in the assessment of air pollution exposure. This 
section begins with the introduction of assessment methods, which provides a whole 
picture of the exposure assessment. Details of vehicular emission inventory calculations 
and air pollution dispersion modeling are then described step by step. 
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3.3.1 Assessment method 
As argued in Chapter Two, air pollution dispersion modeling is a better choice compared 
with other methods in environmental inequality studies. A Gaussian multi-source 
dispersion model, IMMIS"®^ which will be described in details later, is hence adopted. 
The model is developed by IVU Umwelt GmbH for calculating the spatial extent of 
concentration levels of air pollution at a city-wide level. IMMIS"®^ model works based 
on the widely used and well verified Gaussian model, and can hence be considered 
relatively reliable. Cyrys et al (2005) has also compared the IMMIS"^ ^ modeling results 
of traffic-related air pollutants with stochastic models and concluded that despite 
different assumptions and procedures used for the stochastic and dispersion modeling, 
both models yielded similar results regarding exposure estimation of the study cohort to 
traffic-related air pollutants. In conjunction with ArcGIS, it takes into account the spatial 
distribution of buildings and roadways as depicted on digital maps and the traffic 
volume and composition on the roads obtained from traffic census. When emission data 
and meteorological data are inputted, the concentrations of CO, NOx, SO2 and PMio of 
vehicular origin are estimated for various assessment points on the fagade of selected 
buildings. The estimates are made for annual average and the worst meteorology 
conditions. Based on the estimates at different locations and at various heights in each 
BG，the mean air pollution level of each BG is calculated. The pollution levels of each 
BG are then compared with socioeconomic profiles of the residents. 
Figure 3-3 shows the structure of the air dispersion modeling. In each BG, the 
assessment is conducted with inputs of meteorological conditions (wind direction, wind 
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speed, stability), emission data (area sources, line sources and point sources) and 
topography and land use data. Meteorological data are obtained from the Hong Kong 
Observatory (HKO) and topography and land use data from the Lands Department of 
Hong Kong. Only the emission data need to be calculated. The calculation of emission 
inventory and dispersion modeling process are described in the subsequent part, 
including the inputs and outputs of the models. 
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Figure 3-4. Structure of the air pollution dispersion modeling 
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V. 
3.3.2 Calculation of emission inventory 
The traffic emission inventory is calculated as the inputs of the dispersion model (Figure 
3-3). It begins with the estimation of the emission factors of different vehicles using the 
EMFAC-HK model. Emission inventory is then calculated using traffic data and 
estimated emission factors, as shown in Figure 3-4. 
>*Teiiii}eiatiiie 'RoacI j^ e i^ieiits •RonTseaiients •Relative liuniidih' ^Traffic volmnes •Emi^ J^ion iiu ent mt 
•Trnffic composition *Tiaffic speed ^^  ^ ih ‘(上） •Speed fractions- -TintYic coiiiposvitioii , , . ‘ *\\in(i speed, direction 
> f \ f > f EniLSsioii factor model Inveiitorv Calculation DLSperi^ ion model (ElMFAC-HK) (Excei protaaai) (IMMIS 叫 
丨二〉 Emission factors Emi制on Iin entoiy 
Figure 3-5. Inputs and Outputs of the air pollution dispersion modeling 
3.3.2.1 Emission factors estimated by EMFAC-HK model 
The EMFAC-HK model is used for estimating vehicular emissions factors of the target 
pollutants in this study. Its modeling methodology follows that of the California Air 
Resources Board's EMFAC model but with modifications to cater for local factors 
(EMFAC-HK Guideline, 2005). For example, the number of vehicle classes in Hong • 
Kong (vehicle categories shown in Table 3-2) exceeds the operational limit of the 
EMFAC model. To estimate the emissions of all the local vehicle classes, the EMFAC-
HK model has two sub-models - latest version _ "Emfac-HK_MC_V1.2" and “Emfac-
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HK_Taxi_V1.2". Each one of them is to model the emissions of specific vehicle classes, 
and both of the two sub-models are applied to cover all the vehicle classes in the 
assessment. 
Table 3-2. 16 vehicle categories in Hong Kong 
Abbreviation Tech Groups Note 
CAT Petrol Private Cars (PC) & Light Goods Vehicles (LGV) 
LGV3 DSL Diesel Private Cars & Light Goods Vehicles 
LGV4 DSL Diesel Private Cars & Light Goods Vehicles 
PLB DSL Public Light Buses 
LGV6 DSL Light Goods Vehicles 
HGV7 DSL Medium & Heavy Goods Vehicles with GVW 5.5 -15 tonne 
HGV8 DSL Medium & Heavy Goods Vehicles with GVW >=15tonne 
FBDD DSL Double Deck Franchised Buses 
MC NCAT Motor Cycles 
taxi CAT Taxi 
PV4 ALL Private Light Buses3 
PV5 ALL Private Light Buses 
NFB6 DSL Non-franchised Buses 
NFB7 DSL Non-franchised Buses 
NFB8 DSL Non-franchised Buses 
FBSD DSL Single Deck Franchised Buses 
Vehicle emission factors are affected by traffic flow patterns, ambient temperature, 
relative humidity, and vehicle fleet composition. The inputs of EMFAC-HK model 
include the geographical area (Hong Kong in this case), Season or month scenario, 
vehicle fleet composition, temperature, relative humidity, and speed fractions of vehicles 
and so on. Emission factors of all 16 types of vehicles are calculated with the above • 
inputs. The monthly average temperature and relative humidity of the past thirty years 
(Table 3-3)，which are obtained from the Hong Kong Observatory, are adopted. In the 
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output files，the emission factors of CO, NOx, SO2 and PMio of the 16 kinds of vehicles 
are generated for each month under different speed fractions (Figure 3-4). 
Table 3-3. The monthly average temperature and relative humidity of the past thirty years (1971-2000) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Temperature 16.1 16.3 18.9 22.5 25.8 27.9 28.7 28.4 27.6 25.3 21.4 17.8 
(°C) 
Relative 
73 78 82 83 84 82 81 82 79 74 70 69 Humidity (%) 
3.3.2.2 Vehicular emission inventory 
With the emission factors calculated using the EMFAC-HK model, the vehicle emission 
inventory was calculated using traffic flow data, including the speed fractions, daily 
vehicle flow and vehicle fleet composition during the day peak hour. A self-made Excel 
program was adopted to calculate the vehicular emission inventory in each BG in the 
study. The inventory was then inputted into the air pollution dispersion model described 
below (Figure 3-4). 
3.3.3 Simulation by air pollution dispersion model 
The simulation was conducted with the air pollution dispersion model, Details 
about the model, the required input data and output results are described in the 
subsequent section. 
3.3.3.1 IMMISnet Model 
A Gaussian dispersion model, is used in the assessment of air pollution 
exposure, which describes the dilution and transport of pollutants using a Gaussian 
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normal distribution. Gaussian dispersion models are instruments that have been tried and 
tested for many years for dealing with climatologically concentration problems within 
the framework of plans for maintaining air quality, or planning permit procedures 
(Manual for Version 3 . 3 ， 2 0 0 8 ) . Based on the Gaussian smoke plume 
equation, the model calculates the concentration contributions resulting from emissions 
of all defined area, line or point sources. In this case, roadways are treated as line 
sources, meaning that the level of pollutants is considered to be constant along each road 
segment (Forkenbrock & Schweitzer，1999). IMMIS"^^ uses the yearly sums of 
emissions from various types of sources together with specific daily, weekly and yearly 
cycle factors which can be used to determine an hourly rate of each specific source type. 
The model operates chronologically, i.e. the concentration contribution of all the sources 
considered are calculated for every hour of a year. The outcome will be described by the 
statistical parameters, such as the mean annual value or the percentile of cumulative 
frequency of all hourly values of a year for any defined receptor. With these qualities 
IMMISnet can be applied to calculate urban background values of air pollution above 
street canyons or for any other user-defined receptors. The software is integrated into the 
user interface of ArcGIS as an Extension for ArcMap, which will also take into account 
the spatial distribution of buildings and roadways as depicted on digital maps. 
3.3.3.2 Data requirement oflMMIS"'' Model 
Several necessary input files are required in IMMIS"®^ Model, including a control file 
(manage the processing actions and defines other datasets), a point source file, a line 
source file, an area source file，a meteorology file, a receptor file, and a cycles file. Most 
4 5 
of the files are created automatically and can also be modified in ArcGIS shape files 
when the model is started from ArcGIS. The required manual input data include the 
meteorological data (wind direction, wind velocity, stability), emission data (area 
sources, line sources and point sources) and receptor points (location and height). 
Meteorological data are defined in single files describing the wind direction, velocity, 
mixing layer height, stability and so on. At least one of the three source files is needed if 
the concerning source exists. Both the emission data and receptor information can be 
defined directly in the shape files in ArcGIS. 
a) Meteorological Data 
Meteorological data include the wind direction in degree, wind velocity, stability of 
atmospheric layers and mixing layer height. Vehicular air pollution levels are evaluated 
under two conditions, the annual average and the worst meteorology conditions in a year. 
Meteorological files of different BGs are prepared using meteorological data at different 
Hong Kong Observatory (HKO) stations. Table 3-4 shows the reference HKO stations 
for different districts. 
Annual average and worst meteorology conditions are simulated with different 
meteorological parameters, including wind direction in degree, wind velocity, stability 
of atmospheric layers and mixing layer height. Under annual average condition, monthly 
wind direction and velocity data are extracted from the SUMMARY OF 
METEOROLOGICAL OBSERVATIONS IN HONG KONG (HKO) for the 12 monthly • 
records. Monthly exposure of vehicular air pollutions are then simulated, and further the 
annual average. In worst case evaluation, wind velocity is assumed to be l.Om/s and 
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stability class neutral, according to the Hong Kong Guidelines on Choice of Models and 
Model Parameters (HK EPD). Wind direction in this condition is examined under 12 
scenario from 15 degree to 345 degree every 30 degree. The worst condition is selected 
after the simulation of 12 wind direction by IMMIS"'^ Model (Examples in APPENDIX). 
The mixing layer height is assumed to be 500 meters and stability class as neutral under 
both annual average and worst meteorological conditions. 
Table 3-4. Reference HKO stations for different districts 
District HKO station “ 
1 Central & Western Star Ferry Central 
2 Wan Chai Central Plaza 
3 Eastern North Point 
4 Southern Wong Chuk Hang 
5 Yau Tsim Mong King's Park 
6 Sham Shui Po Cheung Sha Wan 
7 Kowloon City Kowloon Tsai 
8 Wong Tai Sin Kai Tak 
9 Kwun Tong Kai Tak 
10 Kwai Tsing Ching Pak House 
11 Tsuen Wan Ching Pak House 
12 Tuen Mun Tuen Mun 
13 Yuen Long Lau Fau Shan 
14 North Ta Kwu Ling 
15 TaiPo Sha Tin 
16 Sha Tin Sha Tin 
17 Sai Kung Sai Kung 
b) Emission Data 
Vehicular emissions on roadways are treated as line sources in the modeling of 
IMMISnet. Emission inventory of CO, NOx, SO2 and PMio from vehicles on each road 
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segment is calculated with the emission factors (by EMFAC-HK)，traffic flow data and 
traffic fleet composition. To fulfill the input requirement of IMMIS"®^ model, height of 
the emission source above ground, width of the street and vehicle velocities are all 
defined in the simulation for each BG. 
c) Layout of receptor points in BGs 
A BG may comprise of one or more buildings. In Hong Kong, most of the buildings are 
high-rise tower blocks. A single point is inadequate to represent the pollution level of the 
building. Hence, a layout of receptor points has to be devised so that pollution levels can 
be calculated for each point and the estimates can be pooled to give an "average" 
exposure level for that building or group of buildings. 
In IMMISnet Model, concentration levels of pollutants are simulated for each defined 
receptor point. Receptors are depicted every 10 meters on the fagade of the every 
building in all directions (Figure 3-5). The height of the receptor above ground and 
coordinates are recorded in the receptor files. For every defined receptor, the pollution 
concentrations under both annual average and worst meteorology conditions are 
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Figure 3-6. Receptors on the fagade of a typical BG 
3.3.3.3 Output of IMMISnet Model 
The output of the modeling will be described by the statistical parameters, such as the 
mean annual value or the percentile of cumulative frequency of all hourly values of a 
year for any defined receptor. An “average” exposure level for that building or BG can 
be calculated from the pollution levels of each receptor point. In this case, the pollution 
levels of CO, NOx, SO2 and PMio are calculated under both annual average weather and 
worst meteorology conditions. To evaluate whether the differential exposure exits, 
certain indices 6f population socioeconomic characteristics are analyzed together with 










































































































































































































































































































































































































3.4 Population socioeconomic indicators 
Population socioeconomic data are extracted from the 2001 Population Census. The 
census is an established practice once every ten years from 1961, and has provided a 
reliable data source of the residential socioeconomic profiles，thus allowing studies to be 
undertaken on various facets of the community. In the 2001 Population Census, a 
complete headcount of all persons and their age and sex information was collected, and 
the detailed socioeconomic characteristics of the population were conducted on the basis 
of a large sample. 
Certain socioeconomic indicators are directly extracted or derived from the 2001 
Census data, including age (proportion of people aged between 0-14 years, 15-39 years, 
40-64 years and 65 + years), usual language (proportion of people speaking Cantonese, 
Mandarin and other Chinese dialects, English and other foreign language), education 
(proportion of people with education of primary and lower, Secondary or matriculation, 
and Tertiary), economically inactive population, occupation, home ownership, housing 
crowdedness (number of people per room), and monthly domestic income (median). All 
indicators are obtained at the BG level. Table 3-5 shows the descriptive statistics of all 
the socioeconomic indicators. 
However, these indicators are recognized to be inter-correlated (shown in Chapter 
Four), and it is impossible to isolate contributions of individual indicators. Hence, a ‘ 
composite index of these socioeconomic indicators, social deprivation index, is . 
developed to indicate the socioeconomic status of residents. The principle and details of 
the index compilation are introduced in Chapter Four. 
5 1 
Table 3-5. Descriptive Statistics of all the socioeconomic indicators 
N Minimum Maximum Range Mean Std. 
Deviation 
Age 
Age: 0—14 570 5.70% 36.30% 30.60% 16.48% 0.04 
Age: 15_39 570 26.20% 65.30% 39.10% 40.94% 0.06 
Age: 40_64 570 11.50% 42.70% 31.20% 31.89% 0.04 
Age: 65 above 570 2.30% 38.60% 36.30% 10.69% 0.06 
Usual Language 
Cantonese 570 50.00% 100.00% 50.00% 89.60% 0.08 
Mandarin 570 0.00% 40.00% 40.00% 6.00% 0.06 
English 570 0.00% 50.00% 50.0G% 4.40% 0.06 
Education 
Education: Primary 570 2.30% 57.30% 55.00% 26.53% 0.13 
Education: Secondary 570 30.90% 81.30% 50.40% 54.99% 0.07 
Education: Tertiary 570 1.30% 65.40% 64.10% 18.47% 0.14 
Economically inactive population 570 24.52% 100.00% 88.85% 50.61% 0.11 
Occupation 
Composition: Managerial 570 0.00% 64.50% 64.50% 11.27% 0.11 
Composition: Professionals 570 1.10% 49.40% 48.30% 22.06% 0.11 
Composition: Clerks sales 570 0.00% 51.80% 51.80% 30.79% 0.09 
Composition: Crafts machine 570 0.00% 43.70% 43.70% 16.89% 0.1 
operators 
Composition: Elementary 570 4.20% 40.90% 36.70% 18.92% 0.07 
House crowdedness 570 0.1 2.5 2.4 1.08 0.37 
Tenancy 
Owner occupier with mortgage 570 0.00% 97.40% 97.40% 30.37% 0.29 
Owner occupier without mortgage 570 0.00% 90.00% 90.00% 24.40% 0.23 
Sole tenant & others 570 0.00% 100.00% 100.00% 45.20% 0.38 
Monthly domestic income median 570 $7,600 $113,500 $105,900 $24,520.84 15,864.41 
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3.5 Analytical method 
To examine whether there are environmental inequality with respect to the vehicular air 
pollution exposure in Hong Kong, the estimated pollution levels are analyzed together 
with the socioeconomic indicators of each BG. However, previous researchers have 
already highlighted there is no standard methodology for investigating the inequality 
issues (Wilkinson, 1998; Bowen, 2002). Different analytical methods have been used for 
different purposes, such as visualization, comparison, and mapping of the pollution data 
(Stevenson et al., 1998; 1999; Pennycook et al., 2001), simple calculation of averages or 
correlation coefficients (Bowen, 2002; Brainard et al., 2002), and linear regression 
analysis (McLeod et al., 2000; Jerrett et al., 2001; Brainard et al., 2002; Marshall, 2006; 
2008). 
This study has used decile analysis in the assessment of inequality, which is widely 
used in previous studies (Brainard et al., 2002; Mitchell & Dorling，2003; Pearce et al., 
2006). In decile analysis, BGs are sorted into ascending order according to the 
socioeconomic indicators, with the corresponding pollution levels, and are then placed 
into deciles, so that the upper deciles are characterized by the greatest proportion of 
people in the specified socioeconomic group (Mitchell & Dorling, 2003). By dividing 
each variable into deciles, the socioeconomic profiles are relatively homogenous in each 
decile. This comparison allowed researchers to examine the relationship between 
pollution levels and age, race, income or any other socioeconomic indicators. 
Correlation and stepwise regression analysis is also used to testify whether the 
relationship between pollution levels and different socioeconomic variables is 
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statistically significant or not, which is also commonly used in other studies (McLeod et 
al., 2000; Jerrett et al., 2001; Brainard et al., 2002; Marshall, 2006; 2008). 
3.6 Summary 
In brief, a sample of 570 BGs all around Hong Kong is selected, including 295 private 
and 275 public housing groups. The air pollution exposure levels and socioeconomic 
profiles of the residents in each BG are collected. The residential exposure to vehicular 
air pollution is simulated by a Gaussian dispersion model under annual average and 
worst meteorological conditions. The socioeconomic indicators of residents are 
extracted from the 2001 census enumeration data. To determine whether, or to what 
extent the inequality exists in Hong Kong, decile analysis, correlation and stepwise 




FINDINGS AND DISCUSSION 
The air pollution modeling results are presented in this chapter, providing data that can 
be used to contrast exposure levels between different social class, old urban and new 
town areas as well as, private and public housing. Using Building Group (BG) as the 
study unit, the average exposure levels will be presented followed by decile analysis to 
show evidence of inequalities. Pearson's correlation and stepwise regression analyses 
are also conducted to determine if inequality exists with respect to socioeconomic status. 
4.1 Pollution Exposure Assessment 
The exposure to vehicular air pollution is simulated with a Gaussian multi-source 
dispersion model (IMMIS"® )^ at the scale of "Building Group" (BG). The concentrations 
of vehicular air pollutants, CO, NOx, SO2 and PMio，are simulated for all 570 selected 
BGs around Hong Kong to give an estimate for each BG the annual average pollution 
concentration, and also the pollution concentration under the worst meteorology 
conditions. In each BG, the simulation work is conducted with the dispersion model 
IMMISnet for various assessment points - "receptors" on the fagade of selected buildings. 
Considering the variability of air pollution levels and wide array of factors that may 
influence pollution levels, the estimates obtained in this study should not be taken as 
precise absolute values, but rather as a relative measure of pollution that is useful for 
comparison among different BGs. Similar methods of estimation have been used in 
many previous ''studies where the population in a given area (usually a census tract) is 
assumed to receive the same level of exposure (Jerrett, 2002). Such an assessment 
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method is also widely used in the studies of environmental inequality, such as Mitchell 
and Dorling (2003), Brainard et al. (2002)，Pearce et al. (2006)，Marshall et al. (2006), 
Dolinoy and Miranda (2004), which should provide information, on a relative scale, on 
the relative spatial difference of pollution levels. 
An uneven spatial distribution of vehicular pollution levels across Hong Kong is 
indicated by the modeling results (shown in Table 4-1 and Figure 4-1). The old urban 
areas, such as Hong Kong Island and Kowloon，are exposed to a higher level of 
vehicular air pollution (the annual average CO concentration," for example, is 95.87 
l^ g/m ) compared with the new town areas, such as the New Territories (46.81 jig/m ). 
In terms of annual average and worst meteorological conditions, residents of old urban 
areas are exposed to twice as much air pollution as those in the new towns, mostly 
located in the New Territories. 
Differential exposure to vehicular air pollution is also observed between private and 
public housing, some of which are located in the same districts (Table 4-1 and Figure 4-
1). Taking Hong Kong as a whole, residents of private housing residents are exposed to 
twice the amount of vehicular air pollution as those in public housing (annual average 
CO concentration at 98.41 and 46.59 |ig/m^ respectively). These results may be 
attributed to the government practice of building public housing estates in remote or less 
accessible parts of the territory, as well as the tendency of private housing developers to • 
build houses downtown and in areas with convenient transportation (to attract more 
affluent buyers). In particular, early real estate developments in Hong Kong, which 
follow the grid street pattern, have aggravated vehicular air pollution. Even in the same 
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area, private housing is mostly built with better views and easier access to transportation. 
These areas, therefore, are exposed to higher levels of vehicular air pollution. Taking 
these into account, whilst the location of different BGs may be an important factor in 
determining the air pollution exposure, the differential exposure pattern observed is 
related, directly or indirectly, to the provider of the housing. 
Table 4-1. Summary of simulated pollution levels of different areas and BGs 
Annual average condition (jxg/m^) Worst meteorological condition (|xg/m^) 
CO NOx SO2 PM,o CO • NOx SO2 PMio 
Whole Hong Kong 73.41 18.51 0.08 2.52 167.55 44.77 0.2 5.94 
Old urban & 0记 urban 95.87 23.08 0.1 3.12 199.74 50.89 0.23 6.6 
new town Newtown 46.81 13.1 0.06 1.81 129.44 37.52 0.18 5.16 
Private & Private 98.41 23.6 0.11 3.21 203.28 51.66 0.24 6.9 
public 
housing Public 46.59 13.05 0.06 1.77 129.23 37.37 0.17 4.91 
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Figure 4-1. Simulated pollution levels of different areas and BGs 
Table 4-2 compares the Hong Kong Air Quality Objectives (AQO), annual average 
concentrations monitored by the ambient Air Quality Monitoring Station and roadside 
Air Quality Monitoring Station around Hong Kong in 2009 (Hong Kong EPD). 
According to Hong Kong EPD statistics, motor vehicles, especially diesel vehicles, are 
the main causes of high concentrations of air pollution at street level in Hong Kong. 
Emission from road transport is the primary source of CO (82%), NOx (22%), and PMio 
(30%) of the pollution loading (Hong Kong Air Pollutant Emission Inventory, 2007). In 
the subsequent analysis, NOx and PMio are chosen as the indicators of air pollutants for 
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several reasons. According to the data in Table 4-2, despite CO and SO2 levels are 
compliant with the AQO of Hong Kong, the annual average NOx and PMio 
concentrations are approaching the target level, especially at the roadside locations. 
Moreover, NOx and PMio can cause potential health risks to the public, such as 
respiratory illness, reduced lung function, or even higher morbidity and mortality rates. 
In this study, various air pollution concentrations were simulated from the vehicular 
emission inventory, therefore the pollution levels of CO, SO2, NOx and PMio are highly 
correlated with each other. NOx and PMio are hence used as indicators of the four 
vehicular air pollutants in the subsequent analysis because they continuously exceed 
Hong Kong AQOs and present potential harm to human health. 
Table 4-2. Air Quality Objectives, annual average concentrations by the General Air Quality Station and 
Roadside Air Quality Station 
Air Quality Objectives Ambient Air Quality Station Roads i^ Air Quality otation 
Pollutant Averaging Time Annual average Annual average 
Ihr 8hrs 24hrs lyr lyr lyr 
CO 30000 10000 - - 633 911 
NO2/NOX 300 - 150 80 88/50 314/110 
SO2 800 - 350 80 14 14 
PMio -- -- 180 55 47 58 
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4.2 The differential exposure of different age and SDI groups 
The socioeconomic indicators are selected from the census data and compiled into a 
composite index in this section. Decile analysis is conducted to examine the differential 
exposure, and inequalities are found in terms of different age and Social Deprivation 
Index (SDI) groups. 
4.2.1 The selection of socioeconomic indicators 
Demographic and socioeconomic data have been extracted from the 2001 Population 
Census conducted by the Census and Statistics Department of Hong Kong, including age, 
usual language, educational attainment, economically inactive population, occupation, 
home ownership, housing crowdedness (number of people per room), and monthly 
domestic income (median). Given the inter-correlation between the variables, a Social 
Deprivation Index (SDI) has been developed to facilitate analysis on inequality, which is 
similar to some well-known SDIs，such as Carstairs deprivation index (Carstairs & 
Morris, 1980), Indices of Multiple Deprivation and Townsend deprivation index 
(Townsend et al., 1988). As will be explained in next section, SDI used in this study is a 
composite index comprised of six selected socioeconomic variables representing 
different dimensions of the social status of the residents. 
Principle Component analysis (PCA) is conducted to find out the variables which can 
be compiled into one index. Four components accounting for 83.5% of the variation are 
extracted from the original variables (Table 4-3). Component one highlights those ‘ 
having coefficients >0.7, including education, occupation, house crowdedness, tenancy 
and monthly domestic income (median). All six variables have high factor loading in 
60 
principal component one，and are commonly deemed to be the indicators of social 
deprivation. The six variables describing the social deprivation include: a) primary 
education, b) economically inactive population, c) occupation in non-managerial and 
non-professionals fields, d) tenancy, e) housing crowdedness, and f) monthly domestic 
income (median). 
The SDI is calculated from the raw census data by standardizing each variable by z-
score，to avoid the score being unduly influenced by a high or low value for any one 
variable and to put each variable on the same scale，centered on zero. This is done for 
each variable by subtracting the mean value for all BGs in Hong Kong and dividing by 
the standard deviation for that variable. 
The variable "usual language spoken" is not used in the analysis although its high 
factor loading in principle component two (Table 4-3). In Hong Kong, the majorities are 
speaking Cantonese. English speakers are comprised of high strata of former colonial 
time and elementary labors from Southeast Asia. Hence it is not a good representative 
indicator of social class and is excluded. 
6 1 
Table 4-3. Component Matrix of Principal Component Analysis 
Component 
1 2 3 4 
Age: 0—14 -.208 -.253 878 -.068 
Age: 65 or above .611 .309 541 .163 
Cantonese .338 【醒 -.105 .271 
Putonghua and other Chinese dialects .265 .622 .006 700 
English and others -.685 543 .130 .318 
Education: Primary and lower 944 .075 -.027 .075 
Education: Tertiary 926 .178 -.124 .156 
Economically inactive population .673 .060 .211 .190 
Occupation: Managers -.870 .239 -.068 .208 
Occupation: Professionals U'8|5 -.153 -.324 .019 
Occupation: Elementary .555 .338 .292 
House crowdedness 830 .096 .008 .239 
Tenancy . 710 .276 -.013 .370 
Monthly domestic income median - 844 .200 .133 .333 
Extraction Method: Principal Component Analysis. 
a. 4 components extracted. 
b. 83.5% of total variance have been extracted 
In addition to SDI, age is also used to measure the inequality, because children and 
elderly people are all considered sensitive groups of the society, and inequalities among 
age groups were also found in other studies (Mitchell & Dorling，2003; Pearce et al., . 
2006). ‘ 
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To determine the inequalities among age and SDI groups, we conducted the 
evaluation not only for the selected BGs as a whole, but also for private and public 
housing respectively. Table 4-4 shows the descriptive statistics of all selected variables 
and the comparison between different groups. The age profiles are similar for both 
private and public housing residents, with a slightly higher proportion of people aged 
above 65 years old in public housing group. The difference in socioeconomic profiles is 
significant; compared with public housing residents, private housing residents are found 
to have higher education levels, lower proportions of economically inactive population, 
and employment in non-managerial and non-professional positions. In terms of tenancy, 
private housing residents suffer less from house crowdedness and have significantly 
higher monthly domestic incomes. 
Table 4-4. Descriptive statistics of Socioeconomic attributes of Hong Kong residents in this study 
All BGs Private housing Public housing 
Variables 
Mean SD Mean SD Mean SD 
Age 
Age: 0_14 16.48% 4.49% 16.74% 3.89% 16.21% 5.06% 
Age: 65 or above 10.69% 6.02% 9.03% 4.87% 12.48% 6.60% 
Socioeconomic profile 
Education: Primary and lower 26.53% 13.30% 18.67% 11.18% 34.96% 9.77% 
Education: Tertiary 18.47% 13.76% 27.07% 13.67% 9.25% 5.25% 
Economically inactive population 50.61% 10.63% 46.34% 10.46% 55.19% 8.75% 
= 二 & 66.60% 20.24% 54.09% 18.98% _1% 10.75% ‘ 
House crowdedness 1.08 0.37 0.85 0.16 1.33 0.36 . 
Tenancy 45.26% 38.42% 26.54% 14.61% 65.35% 45.31% 
Monthly domestic income median 24521 15864 31811 18611 16701 5691 
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4.2.2 Decile analysis 
Decile analysis is used in this study, that each socioeconomic factor is sorted into 
ascending order with the corresponding simulated vehicular air pollution levels, so that 
the upper deciles are characterized by the greatest proportion of people in the specified 
socioeconomic group (Mitchell & Dorling，2003). The mean value of vehicular air 
pollution for each decile is then calculated and compared. 
4.2.2.1 Differential exposure based on age groups 
Significant variations are found among different age groups (below 14 years, 15-39 
years, 40-64 years, 65+ years) under both annual average and worst meteorological 
conditions. Take the pollution levels of NOx and PMio as an example (Figures 4-2, 4-3， 
4-4 and 4-5), the results show differential exposure of all BGs, private and public 
housing. 
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Figure 4-2. Concentrations of NOx by age deciles for the proportion of the population in different age 
groups under annual average condition 
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Figure 4-3. Concentrations of NOx by age deciles for the proportion of the population in different age 
groups under worst meteorological condition 
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Figure 4-4. Concentrations of PMio by age deciles for the proportion of the population in different 
age groups under annual average condition 
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Figure 4-5. Concentrations ofPMio by age deciles for the proportion of the population in different age 
groups under worst meteorological condition 
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Two aspects of the results merit special mentioning, the differential exposure between 
young and elderly age groups, and the difference between private and public housing 
residents. 
First, younger age groups are found to be more protected from vehicular air pollution 
compared with elderly groups. Take the annual average condition as an example 
(Figures 4-2 and 4-4). For populations aged below 14 years in all the BGs, the lowest 
decile (the BGs with the lowest proportion of people aged below 14 years)，the mean 
levels of NOx pollution under annual average condition is 22.26 compared with 
12.49 |ig/m^ for the highest decile (the BGs with the highest proportion of people aged 
below 14 years). The corresponding PMio levels are 3.09 jig/m^ versus 1.56 
(Figures 4-2 and 4-4). The same pattern is observed for populations aged between 15 
and 39 years; that is, the less polluted BGs have a greater proportion of young people 
than do the more polluted BGs. 
However, this pattern is reversed in the 40-64 years and 65 above age groups. 
Vehicular air pollution levels are greater in BGs with higher proportions of elderly 
residents. In other words, the less polluted BGs have a greater proportion of younger 
people (aged below 14 years, and between 15-39 years), and more elderly people (aged 
between 40-64 years and 65+ years) in more polluted BGs. This pattern remains the 
same under both annual average and worst meteorological conditions. • 
When BGs are grouped into private and public housing, the pattern is broadly similar, ‘ 
whereas pollution levels of private housing are much higher than those for public 
(Figures 4-2 to 4-5). Take the age group below 14 as an example, for the private housing, 
69 
NOx pollution level under annual average condition is 27.31 [i^w? in the lowest decile 
compared with 2 0 . 9 8 i n the highest decile. For public housing residents, the 
corresponding figures are 18.45|ig/m^ versus 5.31|ig/m^ in the lowest and highest 
deciles. Similar patterns are also found for PMio, that younger groups are more protected 
from vehicular air pollution compared with elderly groups. Moreover, the private 
housing residents are apparently exposed to much higher vehicular air pollution, and 
even twice the amount of public housing residents in some conditions. 
To sum up, in Hong Kong, the younger age groups are better protected from 
vehicular air pollution, whereas elderly people are unequally exposed to higher vehicular 
air pollution levels. The patterns remain unchanged for different residential mobility; 
whereas the exposure levels of private housing residents are much higher than those of 
public housing residents under both annual average and worst meteorological conditions. 
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4.2.2.2 Differential exposure based on SDI groups 
SDI，an indicator of social class, has been derived and applied to each BG. BGs are 
divided into ten deciles according to their SDI from the lowest to the highest (the higher 
SDI value represents the lower social class). Mean levels of NOx and PMio are 
calculated for each decile (annual average condition in Figures 4-6 and 4-8，worst 
meteorological condition in Figures 4-7 and 4-9). Difference is found among private 
housing driven by market force, public housing provided by government, and all BGs 
pooled together. The results show patterns in two aspects. 
First, no inequality shows when all BGs are pooled together as a whole. In decile 
analysis (Figures 4 -6 to 4-9), the pollution levels vary considerably without obvious 
trends. Inequalities of exposure to vehicular air pollution are not significant (NOx 
14.03|ig/m^ versus 19.27|ig/m^ PMio 1.82ng/m^ versus 2.41|ig/ni^ for the lowest and 
highest deciles respectively under annual average condition). The pattern is also the 
same under worst meteorological condition. 
When private and public housing are analyzed separately, variations become evident, 
and more prominent inequality is found for private housing. For example, under annual 
average condition, NOx level for private housing is 10.88|ig/m^ in the lowest decile 
(people of the highest social class) comparing with 35.51 in the upper one (people 
of the lowest social class). In contrast, the inequality is not so significant for public • 
housing residents. There is only a slightly ascending trend among the deciles (Figures 4 - . 
6 to 4-9). The same pattern is also found for PMio pollution levels. In other words, the 
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upper social class is living in communities with lower vehicular air pollution exposure 
comparing with the deprived groups. 
Overall, the findings in the analysis of private and public housing reflects inequality, 
which is particularly more significant among private housing residents. Although a huge 
social class gap exists in Hong Kong, inequality is less prominent when the entire Hong 
Kong population is considered as a whole. This moderation may be attributed to the 
unique housing provision mechanism in Hong Kong. Although the social class of public 
housing residents is much lower than those of private housing residents, the residents are 
better protected from vehicular air pollution by the public housing provision mechanism. 
To find out whether the relationship is significant on statistics, Pearson's correlation 
and stepwise regression analyses are conducted in the subsequent analysis. 
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Figure 4-6. Concentrations ofNOx by SDI deciles for different social class under annual 
average condition 
80.0 T- » BGs of Private housing 
. —W-AIIBGs 
70.0 - -
BGs of Public housing 
u X 
i 20.0 --
10 .0 - -
r I - " - r • — — . . . . . " r r r 1 
-8.00 -S.OO -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 10.00 
Social Deprivation Index (SDI) 




5.0 “ / y r » BGs of Private housing 
g • / N y / jm — R C n s nf Piihlir. housing 
• 1.0 -
I I i 1 Qv0 1 i 1 1 1 
8.00 G.OO 4.00 2.00 0.00 2.00 4.00 6.00 8.€0 10.00 
Social Deprivation Index (SDI) 
Figure 4-8. Concentrations of PMio by SDI deciles for different social class under 
annual average condition 
10.0 -
9.0 --
^ . _ — • B 6 s of Private housing 
玄 3.0 -
o. I.…丨 All BGs 
2 . 0 - -
BGs of Public housing 
‘ ' r—-......-—1 -OiO”� 1 1 1 , 1 
, -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 10.00 
Social Deprivation Index (SDI) 
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4.3 Regression Analysis 
Statistical analysis is performed to examine whether the relationship between the 
simulated vehicular pollution levels and socioeconomic variables are statistically 
significant. NOx and PMio pollution levels are used as dependent variable, in which 
annual average and worst meteorological conditions are considered. Socioeconomic 
variables used in the composite of SDI are the independent variables. Pearson's 
correlation and stepwise regression analyses are conducted respectively. All the above-
mentioned steps are separately repeated three times for all BGs, private housing, and 
public housing. 
4.3.1 Pearson's correlation analysis 
Tables 4-5, 4-6 and 4-7 show the correlation coefficients between NOx, PMio and the 
independent variables for all BGs together, private and public housing respectively. 
When all BGs are pooled together, the results are consistent with the findings of 
decile analysis that vehicular air pollution is age biased rather than SDL Positive 
relationship has been found between NOx, PMio pollution levels and "aged above 65 
years old", and negative relationship with "age below 14 years" under both annual 
average and worst meteorological conditions (Table 4-5). Young people are exposed to 
lower vehicular air pollution, compared with the elderly groups. Significant negative 
relationship is also found between pollution levels and the proportion of people 
employed in "non-managerial and non-professionals occupation", whereas positive • 
relationship bet\veen NOx levels and people with "tertiary education" (Table 4-5). The 
results seem to be contradictory with each other. It is inferred that more people with 
75 
tertiary education are living in private housing (the average proportion in public housing 
is only 9.25% compared with 27.07% in private housing), for which the pollution levels 
are higher. People employed in "non-managerial and non-professionals" occupation may 
tend to living in public housing (54.09% for private housing, and 80.01% for public 
housing) (Table 4-4), for which the pollution levels are much lower. In other words, no 
uniform inequality is found when all the BGs are analyzed together. 
Inequalities are found for private housing, which is similar to the findings in decile 
analysis. Positive correlations are found between NOx, PMio pollution levels and 
proportion of people "age above 65 years，，, "education (below primary)," "economically 
inactive population," "occupation (non-managerial and non-professionals)," "house 
crowdedness" and "tenancy", and negative relationship with proportion of people "age 
below 14 years," "education (tertiary)" and "monthly domestic income (median)" under 
both meteorological conditions (Table 4-6). It can be seen that that the elderly people 
and lower social class are unequally exposed to higher vehicular air pollution levels. 
The correlations for public housing residents are not as strong as those for private 
housing residents (lower coefficients and significant levels). Significant correlations are 
only found in four socioeconomic variables ("education below primary," "housing 
crowdedness，，，"tenancy," and "monthly domestic income median"; Table 4-7). From 
this perspective, inequality also exists among public housing residents, whereas . 
socioeconomic status has a more considerable influence on the level of vehicular air 
pollution exposure of private housing residents than on that of public housing residents. 
7 6 
This influence can be attributed to the public housing provision mechanism implemented 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.3.2 Stepwise regression analysis 
Stepwise regression analysis is conducted using socioeconomic variables as independent 
variables. NOx and PMio levels under annual average and worst meteorology conditions 
are used as dependent variables. The analysis is conducted for all BGs, private and 
public housing respectively. Tables 4-8，4-9，and 4-10 show the results. 
Table 4-8 shows the regression results for all BGs, and the results are generally 
consistent with those of previous analyses. "Age," "occupation (non-managerial and 
non-professionals)," and “monthly domestic income (median)" are found to be 
significant factor responsible for inequality in NOx pollution levels under annual average 
and worst meteorological conditions (Table 4-8). For PMio pollution, "age" and "house 
crowdedness" are determined as the significant variables under annual average condition; 
"age," “occupation (non-managerial and non-professionals)," and "monthly domestic 
income (median)" are the significant variables under worst meteorological conditions 
(Table 4-8). These results reveal that people with lower occupational status and living in 
crowded houses are exposed to better air quality, whereas this observation also holds 
true for households with higher incomes. This disparity is consistent with the decile and 
Pearson's correlation analyses, in which no inequality exists when all the BGs are 
pooled together. The absence of inequality can be explained by the lower pollution 
levels in public housing, where most of people belonging to lower social class live. 
Although the socioeconomic variables selected by the regression are slightly different 
with respect to NOx and PMio, they all fall under one principal component (Table 4-3) 
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and are highly correlated to one another (Table 4-5). Hence, the results are acceptable, 
that pooled BGs reflect moderated inequality and no significantly differential exposure. 
The results are also consistent with previous analysis for private housing. "Age," 
"tenancy," and "economically inactive population" are selected by the stepwise 
regression models to be positively associated with NOx pollution levels under annual 
average and worst meteorological conditions respectively (Table 4-9). "Occupation (non-
managerial and non-professionals)" (positive) and “monthly domestic income (median)" 
(negative) are selected to account for inequalities in PMio. under annual average 
condition, and "house crowdedness" (positive) under worst meteorology (Table 4-9), 
which means that affluent social class are exposed to lower vehicular air pollution. 
Significant inequalities in terms of vehicular air pollution exposure do exist for the 
private housing residents in Hong Kong. 
When public housing residents are analyzed separately, "age" is still a significant 
variable for NOx and PMio pollution levels under both meteorological conditions. In 
addition, "house crowdedness" (positive) and "education below primary" (negative) are 
also selected for NOx levels under worst meteorology and PMio pollution levels under 
both conditions (Table 4-9). For NOx, "occupation (non-managerial and non-
professionals)" (negative) is also selected by the stepwise regression analysis. In other 
words, people with lower education and occupation status are exposed to lower 
vehicular air pollution levels, whereas people in crowded households, which should be 
the same group as above, are exposed to higher pollution levels. The inconsistency may 
8 2 
be explained by the limited mobility of public housing residents, and furthermore be 
regarded as the intervention and mediation of public housing mechanism by government. 
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Table 4-8. Stepwise regression analysis with annual average and worst case NOx & PMio as dependent variable 
(All BGs) 
Unstandardized Standardized Collinearity 
Deoendent ^ , , . , , Coefficients Coefficients � . Statistics 二。P. , , Independent Variable — t Sig. Variable „ Std. d ‘ , B „ Beta Tolerance VIF Error 
Occupation: non-managerial ； ^ ；^ -6.006 .000 2.911 & non-professionals 
Age: 65+ .774 .129 .270 6.012 .000 .779 1.284 
NOx annual Monthly domestic income ~ -3.125 .002 I m median 
R Square .110 
R Square Change .015 
Age: 65+ 1.456 .215 .303 6.778 .000 .779 1.284 
Occupation: non-managerial ；；；^ -5.641 .000 ^ 
& non-proiessionals 
N C W s t Monthly domestic income ~ ^ -2.275 .023 ^ median 
R Square .118 
R Square Change .008 
Age: 0_14 -.076 .024 -.158 -3.235 .001 .666 1.501 
House crowdedness -1.200 .271 -.203 -4.427 .000 .756 1.323 
PM,o annual ^gg. 55+ .082 .020 .228 4.171 .000 .531 1.882 
R Square .101 
R Square Change .028 
Age: 0_14 -.091 .038 -.120 -2.352 .019 .605 1.652 
Occupation: non-managerial ；；^  ~ ^ ^ -4.618 .000 
& non-proiessionals 
, Age: 65+ .104 .031 .185 3.370 .001 .523 1.913 PMio worst ^ 
Monthly domestic income ~ ；^ ！；^  -2.802 .005 ^ 
median 
R Square .110 
R Square Change .012 
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Table 4-9. Stepwise regression analysis with annual average and worst case NOx & PMio as dependent 
variable (private housing) 
Unstandardized Standardized Collinearity 
Dependent Independent Coefficients Coefficients t gj Statistics 
Variables Variables “ c d * , � ,tc B Std. Error Beta Tolerance VIF 
Age: 65+ 1.120 .215 .296 5.218 .000 .943 1.060 
, Tenancy .144 .072 .114 2.014 .045 .943 1.060 NOx annual : 
R Square .116 
R Square Change .012 
Econcnically .434 ^ ^ 2.926 .004 ^ 1 . 0 0 0 
inactive population 
NOx worst R Square .028 • 
R Square Change .028 
Age: 65+ .126 .030 .256 4.198 .000 .742 1.347 
Tenancy .030 .009 .183 3.344 .001 .926 1.080 
PMio annual Monthly domestic “ ！ ^ ^ ^ 
income median 
R Square .194 
R Square Change .017 
House crowdedness 5.334 1.164 .256 4.583 .000 .997 1.003 
PM10 worst Age:0_14 -.133 .048 -.155 -2.784 .006 .997 1.003 
R Square .094 
R Square Change .024 
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Table 4-10. Stepwise regression analysis with annual average and worst case NO* & P M i � a s dependent 
variable (public housing) 
Unstandardized Standardized Collinearity 
Dependent , , , . , , Coefficients Coefficients Statistics Variables Independent Variables t Sig. — r — 
B Ei^ar Beta Tolerance VIF 
Age: 65+ .867 .187 .410 4.635 .000 .377 2.654 
Education: Primaiy -.297 .159 -.208 -1.866 .063 .239 4.189 
House crowdedness 10.574 2.820 .274 3.750 .000 .552 1.813 
NOx annual Occupation: non-
managerial&non- -.230 .114 -.177 -2.018 .045 .383 2.608 
professionals 
R Square .203 
R Square Change .012 
Age: 65+ 2.466 .316 .558 7.803 .000 .550 1.818 
Education: Primary -.850 .246 -.285 -3.458 .001 .415 2.409 
NOx worst House crowdedness 15.337 5.394 .190 2.843 .005 .627 1.594 
R Square .237 
R Square Change .023 
Age: 65+ .096 .021 .396 4.612 .000 .402 2.488 
Age: 0_14 -.046 .022 -.144 -2.109 .036 .634 1.576 
PMio annual Education: Primaiy -.050 .014 -.303 -3.558 .000 .407 2.455 
House crowdedness .959 .307 .216 3.119 .002 .617 1.621 
R Square .201 
R Square Change .029 
Age: 65+ .180 .040 .377 4.545 .000 .402 2.488 
Age: 0_14 -.116 .041 -.186 -2.814 .005 .634 1.576 
PM,o worst House crowdedness 2.011 .584 .231 3.445 .001 .617 1.621 
Education: Primary -.074 .027 -.229 -2.779 .006 .407 2.455 
R Square .252 
R Square Change .021 
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4.4 Discussion 
The vehicular air pollution levels across Hong Kong have been simulated and compared 
with different age and SDI variables in this study. The SDI is a composite index 
indicating social status of residents, comprised of six socioeconomic variables including 
educational attainment, economically inactive population, occupation, housing 
crowdedness, tenancy, monthly domestic income median. To ascertain whether 
inequality exists or not, decile, correlation and stepwise regression analyses are 
conducted to show the differential exposure. Regarding the unique public housing 
provision mechanism in Hong Kong, the analysis has been undertaken for private and 
public housing separately under annual average and worst meteorology conditions. 
One of the main findings is that different age groups of the Hong Kong population 
are exposed to varied levels of vehicular air pollution. Air pollution levels vary with the 
age structure of the population in that the 40-64 years and 65 above age groups more 
likely live in an environment with higher vehicular air pollution levels compared with 
the younger groups. These results differ from those of previous studies, in which higher 
levels of pollution among age groups below 44 years and among 15-24 years were found, 
as noted by Mitchell and Dorling (2003) and Pearce et al. (2006)，respectively. Younger 
people under age 39，especially those under 14 years, are better protected from vehicular 
air pollution, whereas those 40-64 years and older than 65 years (another fragile age 
group) are unequally exposed to higher pollution levels. .. 
The disparities in pollution exposure are not only for different age groups but also for 
different socioeconomic groups. Inequalities have also been found in Hong Kong for 
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both private and public housing residents that the lower socioeconomic status in Hong 
Kong are exposed to higher levels of vehicular air pollution than affluent groups. The 
trends are especially prominent among private housing driven by the market forces, 
which are generally consistent with previous studies (Jerrett et al., 2001; Brainard et al., 
2002; Mitchell & Dorling，2003; Pearce et al., 2006) and people's expectation of the 
self-selection process that the more well-off people can buy themselves out of more 
polluted neighborhoods whilst the lower social strata tend to remain and agglomerate in 
more polluted parts of the city. 
However, Hong Kong is different from the others. When all the BGs are pooled 
together as a whole, no inequality shows up. The absence of inequality can be attributed 
to the unique public housing provision mechanism by government, which has mediated 
the inequality in Hong Kong. Although the evidence of environmental inequality has 
been found in Hong Kong, the lower social strata are actually protected by the public 
housing provision mechanism. 
Moreover, inequality in vehicular air pollution exposure has been found to be more 
pronounced in private housing residents than in public housing residents. Previous 
studies report that the mobility of residents is driven by market forces, but the condition 
in Hong Kong is special in that a unique housing provision mechanism is implemented 
by the government. About half of the population lives in public housing estates, an 
option that is driven by government regulation, whereas the other half of the population 
lives in private housing, whose provision is determined by market forces. Inequalities 
are more prominent in private than in public housing because of the different driving 
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forces. In private housing, residential mobility is driven by the market as reported in 
previous studies, whereas in public housing the residential mobility is limited, because it 
is regulated by the government. The housing provision mechanism in Hong Kong takes 
effect again. 
Finally, the inequality has been evaluated for all selected air pollutants, for annual 
average and worst meteorological conditions. Analysis reveals that the above findings 
exist under both meteorological conditions. Although different socioeconomic variables 
are selected by stepwise regression analysis, the results are acceptable. Because all of the 
variables are extracted from principal component one of the PCA (Table 4-3), and they 
are also found to be highly correlated with each other in Pearson's correlation analysis 





Environmental justice has become a concept of growing interest to both researchers and 
policymakers in the last few decades. It aims to examine whether the exposure to 
environmental risk across the society is fair and proportionate or not. Many studies in 
western countries have determined that the deprived or minority groups bear a 
disproportionate burden of environmental hazards of various kinds; and environmental 
inequalities have been found by various researchers. This study attempts to determine 
whether environmental inequality exists in Hong Kong with respect to vehicular air 
pollution; and if there is any difference between Hong Kong and previous studies in 
western cities. This should be an interesting study given the uniqueness of the Hong 
Kong society, which is different from the context of previous studies. 
5.2 Summary of Findings 
The differential exposure of residents in Hong Kong to vehicular air pollution is 
examined with respect to the age and socioeconomic characteristics of the residents. By 
air pollution dispersion modeling，the pollution levels for 570 selected "Building 
Groups" (BG) are simulated under both annual average and worst meteorological . 
conditions, and then examined with respect to age and social deprivation index (SDI), 
the latter of which is a composite index comprised of six socioeconomic variables. The 
analysis is conducted for all selected BGs, 295 private and 275 public housing groups 
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respectively. Hong Kong, because of its unique features, offers some specific patterns 
and a new perspective on the issues concerned in several ways. 
Firstly, significant differential exposure to vehicular air pollution has been found in 
Hong Kong among different age groups. The younger people under 39 years old are 
found to be better protected from the vehicular air pollution, whereas those above 40 
years old are unequally exposed to higher pollution levels. The results are different from 
the previous studies that higher levels of pollution are found in age groups below 44 year 
in age (Mitchell & Dorling，2003), and among age group 15-24 years (Pearce et al., 
2006). 
Secondly, inequalities have also been found among different social class, as revealed 
in the SDI groups, respectively for private and public housing residents. People of lower 
socioeconomic status in Hong Kong are exposed to higher levels of vehicular air 
pollution compared with groups of higher socioeconomic status. This pattern is 
generally consistent with previous studies (Jerrett et al., 2001; Brainard et al., 2002; 
Mitchell & Dorling，2003; Pearce et al., 2006) that the affluent people can buy 
themselves out of more polluted neighborhoods whilst the lower groups tend to remain 
and agglomerate in more polluted areas. 
Thirdly, more prominent inequalities are found for private housing residents as 
compared with public housing residents. Different from previous studies, the mobility of . 
residents is driven by the market forces, whereas in Hong Kong, the conditions are quite . 
unique because of a unique housing provision mechanism provided by the government. 
Significant inequalities for private housing residents have been ascertained in this study 
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which is consistent with those in previous studies, while the inequalities for public 
housing residents are relatively less severe due to the limited mobility. Furthermore, the 
socioeconomic status of the residents in the public housing estates is more homogenous. 
In addition to the above, there is a fundamental difference between the findings of 
this study with previous ones. In previous studies, the findings applied to a community 
under the assumption, albeit implicit, that is relatively homogenous. However, in the 
current study, it has been found that whether or not inequalities exist depends on 
whether the private and public housing data are pooled. When all the BGs are pooled 
together as a whole, there is no evidence of inequality. However, inequalities are shown 
if the private and public housing are treated separately and inequalities are more evident 
in the private housing market. The study has also highlighted the importance of 
government intervention in public housing provision. By providing housing to the less 
well-off people, the government has in effect mediated any possible inequality in Hong 
Kong. The deprived groups in Hong Kong are sheltered to some extent by the public 
housing provision mechanism. 
5.3 Limitation of the study 
This study aims to assess, by modeling，the exposure of the Hong Kong residents to 
vehicular air pollution, and whether the differential exposure to air pollution is related to 
the socioeconomic status of the urban inhabitants. Although the best practically 
available method has been used for air dispersion modeling, such a method does hot 
cover all air pollutants in Hong Kong. Furthermore, air quality is shaped by vehicular 
pollution as well as pollution from other sources, such as industries. In the real world, 
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vehicular pollution is only one of the many ways the urban inhabitants are exposed to 
environmental pollutants. Further work is needed to look at other forms of pollution. 
5.4 Recommendations for further study 
Firstly，it is recommended that more studies are needed to investigate patterns of 
inequality at different scales or study units. It is believed that study unit may influence 
the results. Although it has been suggested that small census tract level is the most 
appropriate unit for the study of to environmental justice (Jerrett, 1997), Stem (2003) 
also suggested a study on the individual level. The use of different scales may be 
relevant. The study recommends investigating the inequality issues on different 
geographical scales for comparison. 
Secondly, the study also recommends more investigations on the other environmental 
risks such as noise pollution, to show an integral environmental justice profile of Hong 
Kong, because only vehicular air pollution is examined in this study. 
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APPENDIX 
The modeling results of NOx levels in public BG number SK0031, "Tsui_Lam" in 
Sai—Kung, as an example. 
fci: .1 j:Lu. -itWiajtwccar-tn.icQjai +• ： " ^  _ 
一— 二 鲁 1.19-5.98 
# 5.99-11.23 
O 11.24-19.72 
^ ^ O 19.73-32.82 
# 32.83-57.29 




I ^ ^ ^ ^ ^ ^ / A v m d direction l is • ^-Sig^^lP' I NOjj (ugto勺 
^ ^ ^ ^ II II I111,1,1 • 1 . 8 3 - 8 . 3 4 
_ O 8.35-16.54 
O 1655-25.35 
o 25^6-43.08 
^ • 43113-70.41 
Figure 2. The modeling results of NOx under worst meteorological condition, wind direction 15° 
jg；-^^ 丨 >_|Iiiiir--"^ 
‘ i w NO: ( t — ) 
.... . . . . . . • 1.31-5.30 
辦 o 5.31-10.92 
o 10.93 - 20.60 . 
o 20.61 - 33.31 
• 33.32 - 61.02 “ 
Figure 3. The modeling results of NOx under worst meteorological condition, wind direction 45° 
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Figure 12. The modeling results of NO；, under worst meteorological condition, wind direction 315° 
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